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INTEGRATED MOBILE-MICROWAVE SYSTEM 


Je R. Neubauer 
RCA Victor Division 
Radio Corporation of America 
Camden, New Jersey 


Introduction 


Present day communication demands in the vehicular radio field are facing a 
mounting strangulation of frequency assignment shortage. A greater variety 
of new users are justifying their need of mobile radio every year. Some re- 
lief will be found in the 450 mc spectrum for those operators who can live 
with a limited coverage service. Reducing the channel use can help others at 
the expense of some desirable performance characteristics, but many operators, 
needing both the range and performance, and limited by the available fre- 
quencies, are seeking new solutions to effective service coverage of their 
facilities. State police, power utility networks, petroleum and natural gas 
pipelines and super highways are typical of those looking to the more effective 
use of radio communication equipment for a solution to their system problems. 
Recent experience with carefully integrated mobile-microwave system planning 
has revealed the broadband microwave channel as an ideal medium to bring to- 
gether the necessary complex circuitry to obtain the maximum utilization of 

a@ single vehicular communication frequency allocation. 


Ten years ago, operators, while not pressed for frequency assignments, were 
anxious to effect maximum coverage with minimum equipment and therefore system 
development was centered around site location and suitable area control. This 
usually meant surveying for station locations which would allow satisfactory 
point-to-point operation in addition to wide coverage for mobile units. In 
the ensuing years, improvements in remote control by wire and radio link have 
enabled users to make better use of their facilities, but the number of new 
activities qualifying for station licenses has grown apace to create our 
present need. During these years, many operators have established elaborate 
operating procedures as an aid to relieving traffic congestion, but rules be- 
come so complex that they defeat their own purpose in the misunderstanding or 
wrong application. It is the purpose of this paper to highlight the present 
system requirements and illustrate a few examples presently in operation. 


Basic Operational Requirements 


Fundamentally, all communication systems are intended to act as an information 
gathering or dispensing facility. Therefore, its area of service is a primary 
design factor. Current practice is to limit the coverage to the pertinent 
points which define or enclose the user's property. This practice allows 
using reasonably powered transmitters, controlled propagation, reduced anten- 
nae elevations and more accessible station sites. The advantages of these 
practices are both practical and economical. 


The purchase price and component replacement costs of higher powered trans- 
mitters are not in reasonable proportion to the extra DB's obtained. Less 
power more effectively distributed will provide better signal to noise in 
elimination of fringe areas. Further improvement in putting the signal where 


needed is effected when the propagation is controlled by proper antenna arrays. 
This, in turn, aids in reducing "out of system" interference. Past require- 
ments for antenna elevation have necessitated locating stations in sometimes 
what could be classified as nearly inaccessible locations. Maintenance costs 
and system reliability are making us cast a more realistic and analytical eye 
on our choices of station sites. 


Another limiting condition, which is becoming more evident every year, is the 
decreasing number of available frequency assignments which are reasonably 
free of interference. Freak propagation as well as improved equipment per- 
formance are making geographical assignment plans more difficult to make 
effective and increasing traffic on each channel is demanding more frequency 
spectrum. 


A great many of our. problems can be solved in the development of effective 
dispatching and control methods. Centralization supplemented by local option 
is a basic control theory which is successfully demonstrated in Government, 
industry and technical fields many times over. It is well applied in communi- 
cation systems as a means od obtaining the greatest degree of effectiveness 
over a complex and extended operation. It can be further enhanced by the 
addition of functional selectivity and circuit automation. 


Administrative development has made it necessary to make vehicular communica- 
tion more readily available to many more individuals within an organization. 
This has made it necessary to seek the quickest way to a man's desk from the 
radio operating position. The telephone is found at every executive's, 
manager's and supervisor's elbow as a recognized means making a personal con- 
tact with each and every key individual. It is, therefore, the most logical 
means of making a radio system available to all who require it. This is a 
recent practice and we are sure to see more of it as time proves its worth. 


With so many different voices and transmission facilities in use on any com- 
munication sequence, a suitable means of controlling signal levels is essential. 
A control amplifier, capable of accepting a wide range of signal levels and 
holding them to a limited excursion without appreciable distortion, is now an 
accepted part of any chain of transmitting and receiving units. 


In the illustrations which follow, it will be seen that combining a vehicular 
system with a microwave relay, permits the satisfactory achievement of the 
requirements we have discussed. Economically, its first cost is quickly 
written off in the increased effectiveness of the vehicular facility as well 
as the availability of many other valuable services, 


Typical Systems 


A good many of our requirements can be met in a typical all-VHF relay system, 

if the frequency limitation is not a governing factor. An example of this is 

a system designed for a Government agency providing communications throughout 
their office and maintenance centers with service and administrative personnel. 
Figure 1 is a system diagram of this operation. There are three control cen- 
ters and six VHF stations operating on 162-17) mc connected as a repeater chain. 
Two additional stations are employed as bi-directional repeaters only. To pro- 
vide the service required, nine frequency assignments are used, three are for 
station and mobile use and six provide the interconnecting relay links. The 


mobiles are provided three transmitting channels and one receiving. This 
permits them to operate in any area and intercommunicate freely. The relay 
stations are controlled by carrier sensitive relays in conjunction with 
interlocking distribution and muting relays. 


The control stations each allow a different degree of system flexibility. 
Bismark has a direct wire circuit which takes precedence over the automatic 
interconnect by simultaneously dispatching the two repeater legs and the local 
station to mobile transmitter. The automatic interconnect operates either 
from east to west or vice-versa and each time transmits locally. When operat- 
ing west, the signal is repeated at a local facility at both the Cahoon re- 
peater and the Killdeer terminal. When operating east, it either terminates 
at Jamestown or continues through to Rugby via Carrington and Devil's Lake. 
Additional dispatching is effected at Bismark from two other offices nearby. 
One of these has directional discretion by activating selectively the repeater 
units and the other enters in both directions simultaneously on the same basis 
as the mobile units. 


Jamestown control is arranged to break the system and dispatch selectively or 
allow automatic interconnection for through service. The system will remain 
broken until the operator restores the circuit. In contrast, the Bismark 
station automatically reverts to the repeating interconnect as soon as the 
transmitter control is released. 


Devil's Lake control is responsive to two nearby offices via radio. It does 
not have any wire line control. Again, the Maintenance office enters the 
system on the same basis as a mobile, but the Bureau office is limited to 
enter the system in the west direction only to the Jamestown control. 


A mobile unit may, at the discretion of the Jamestown dispatcher, communicate 
directly with another mobile from any point along the system to any other 
point since all stations transmit on the same channel. The receivers are 
alternated to avoid adjacent stations from being captured, thereby setting 
up a feedback loop. 


In general, this type of system provides most of the features we desire in 
flexibility; it is, however, limited to no more than two simultaneous message 
exchanges and does not allow independent control by local dispatchers. It 

is also, as we have previously pointed out, extravagant in spectrum use. The 
cascading by demodulating and remodulating signals makes distortion difficult 
to control unless extra precautions are taken to keep the average deviation 
in the repeater chain, well below the threshold of the limiters. 


By comparison, a microwave repeater system is capable of giving us individual 
station control on a single frequency with negligible distortion. The linear 
bandwidth of such systems is in excess of 30 ke and is as high as 150 kc. 

These broadband carriers can handle from several to a couple dozen simultaneous 
voice circuits as well as a substantial number of keyed sub-carriers for con- 
trol purposes. Some systems demodulate and remodulate; others utilize the 
heterodyne principle. Our equipment uses the former on our 960 mc systems and 
the latter on our 2000 mc systems. Where the number of repetitions is small, 
the demod-remod system will handle up to 5 voice channels in addition to a 
service phone circuit, with good linearity. When more circuits are needed, or 
more repetitions required, the heterodyne system will be necessary. Since this 


is not a discussion on microwave systems as such, we will not attempt any 
further description. 


Before describing typical microwave-VHF systems, a brief description of the 
means of including several voice circuits on a wide band carrier is in order. 
Several principles are employed, falling into two general categories, pulse 
modulation and frequency-division. Pulse multiplexing is accomplished by 
varying amplitude, time and position of individual pulses and transmitting 
them through a control gate to successively modulate a carrier. Each group 
of pulses must be accompanied by a synchronizing signal to maintain their 
proper relationship. Frequency-division is what its name implies, a dividing 
up of the broadband carrier into a number of sub-carriers, each having its 
assigned modulation limited to a normal 3000 cycle response. Since frequency 
division is the type we employ, a brief explanation will aid our descriptions. 
A carrier frequency on the order of 10 to 50 kc is modulated by voice and im- 
pressed on a balanced ring modulator consisting of a quad of varistors. This 
operation suppresses the carrier leaving two modulated sidebands. These are 
passed into a filter designed to pass the lower frequency group onto the base 
carrier. This lower sideband is received through a similar filter and again 
modulated by a local oscillator in the same manner as the transmitter. The 
resulting carrier is demodulated and passed through a low pass filter whose 
upper limit is 3 kc, to the voice terminal. The basic advantage of this method 
is the ease of adding or subtracting voice channels and the fact that the use 
factor of the bandwidth isproportional to the number of channels in operation. 


To show how our operational requirements can be fulfilled, we will describe 
three typical systems now in operation. The first we define as a multiple 
dispatch operation; the second, a selective dispatch; and the third, automatic 
distribution. Our multiple dispatch system is operated by the Union Electric 
Company of Missouri. As the description implies, this is a centrally controlled 
group of VHF stations distributed so as to cover the area served by this power 
companye Figure 2 shows the general layout of this system and details the area 
of coverage. You will note that the VHF propagation is controlled to prevent 
excessive overlapping of adjacent stations, but at the same time allow coverage 
of the company's transmission lines. This feature is essential in allowing the 
local dispatchers the option of independent operation without capturing the re- 
ceivers being used by the system dispatcher. Each VHF receiver is provided 
with a carrier operated relay which operates a tone signalling transmitter. 

The tone receivers at all VHF receivers effect switching to remove them from 
the system during any one receiver's reception, thereby preventing garbling. 


The system dispatcher is located in St. Louis at the main load control center 
of the power system. Figures 3 and are views of this center. The VHF con- 
sole is equipped with two handsets, one to operate the seven station network 

as a unit, the other to dispatch the local station located in the Union Electric 
building in downtown St. Louis. Stations at Rivermines, and Bagnell are also 
equipped to operate independent of the system whenever local problems would 
prevent effective use of the balance of the stations. Stations at Belle, 
Sullivan, Hallsville and Stanwick are operated only by the system control. 


All the transmitters are medium powered 60 W. units. The modulation is con- 
trolled by an AVC-Compressor amplifier to assure a high average level of audio 
in the mobile units without exceeding the deviation limits or introducing 


appreciable distortion. This unit detailed in Figure 5 utilizes an AVC cir- 
cuit with a slow time factor to maintain a relatively uniform high level in- 
put to a fast acting compressor. The overall result is a smooth control which 
maintains the output within db for input variations of as much as 30 db. 


In addition to the VHF system, additional voice circuits which terminate in 
the telephone switchboard at St. Louis as well as a number of telemetering 
channels are included. The remaining bandwidth will eventually be used to 
provide voice and control circuits for Union Electric's rapidly expanding 
transmission network. 


The second of our typical systems as installed for the Oklahoma Natural Gas 
Company is best described as a selective dispatch system. As its name implies, 
the main feature of this network is the selection of not only the base stations 
but also the mobiles. Figure 6 shows the location of microwave stations and 
the VHF base stations. The system has 6 VHF stations interconnected by 2 ter- 
minals, 5 drop repeaters and |; through repeaters. Again, you will observe 
that the propagation is controlled by choice of antenna arrays to protect ad- 
jacent stations from being captured, since only one system frequency is avail- 
able. Figure 7 details the interlocking control signals, which guard the sys- 
tem from a locally dispatched station. These circuits are arranged to bypass 
the muting control which could’be effected by a weak signal actuating the 
carrier operated relay which is normally sensitive enough to function on the 
mobile signals. By virtue of the controlled propagation, the receiver of the 
adjacent system operated station will favor carriers from units in its area, 
thereby allowing simultaneous operation of a local control with the system 
control. 


The system dispatcher is located in the Oklahoma Natural Gas Building in 

Tulsa. There are no VHF transmitting or receiving facilities at this point. 

To effect coverage of this area, an independent microwave multiplex channel 
operates the VHF station at Sapulpa, which is 20 miles southwest. A cardioid 
directional antenna array concentrates the coverage between Tulsa and Pryor 

to the northeast. The remaining stations at Muskogee, Depew, Shawnee, Oklahoma 
City and Chickasha can be controlled by either the Tulsa dispatcher or by a 
local operator. Each station is made available to the Tulsa control on another 
multiplex channel by a dial selector which includes an ALL CALL feature. Since 
Oklahoma Natural Gas's administrative policy is to vest priority privilege in 
the local district, the local control can remove its own station from the sys- 
tem and operate as an independent facility. It is in this operation that our 
previously described interlock and propagation control becomes necessary. 
Figures 8 and 9 show the Tulsa dispatch and a local dispatch console respec-~ 
tively. Whenever the stations are on system control and a mobile unit calls 
in, receiver muting in the system is effected at all other stations by the 
carrier operated relay; however, should a unit call come in at another point, 
it will be heard by the local control operator at that location who can then 
switch to remove his station and control from the system and complete the 
contact. At any time a local unit is in use as such, the Tulsa dispatcher 
will receive a busy signal if he attempts to put it on the system. 


The mobile units are also selectively called by means of a dial pulsed 2600 
eps tone at the dispatch and a minor switch decoder in the vehicle. This 
function is performed after the station has been selected by the system dis- 
patcher or local operator. Zero on the dial will call ALL units. The mobile 


operator has available a NON-SELECT, HORN ALARM or BUZZER ALARM function 
switch, permitting him to receive all calls or to leave his vehicle within 
reasonable distance when he is out of it working and to be alerted by blow- 
ing the horn for a 5 sec. interval. Sixty-watt mobile transmitters provide 
ample coverage service in this type of systen. 


This system also utilizes a voice operated relay and hybrid network at each 
console which, when selected, permits the station to be interconnected with 

a manual drop on the telephone switchboard. By this means, the telephone 
operator can connect any telephone in the office to the VHF radio at the dis- 
cretion of the radio operator. Mobile units throughout the system are then 
enabled to communicate with any administrative or supervisory personnel in the 
Tulsa headquarters or to their local district office personnel directly through 
the telephone on their desk. 


Additional communication service is provided by teletype and party-line dial 
telephone circuits. Eventually, additional channel space will be assigned to 
telemetering and supervisory control of compressor stations. 


The third typical system employs 960 mc multiple channel microwave circuits 

to establish an automatic distribution system. Such a system is the New Jersey 
Turnpike. We have chosen this designation since the bulk of the traffic is 
distributed by automatic relay controls which establish information routing 
without operator participation. At the same time, it is always possible for 

the system or local dispatcher to assume control if needed. Figure 10 is a 
location and function diagram. Propagation patterns for fixed and mobile units 
are shown. We have discussed controlled propagation in single frequency sys- 
tems as a means of preventing adjacent stations from being captured and reducing 
power and interference. The purpose in this system is to limit the coverage 

to the turnpike area, using frequencies having close frequency relation to those 
used in the nearby Philadelphia and New York areas, and providing solid coverage 
at reasonable equipment and tower cost. The basic requirement of an automatic 
repeater system is simultaneous operation of transmitter and receiver. With 
only 360 kc spacing in the 150 mc band, it was necessary to collinearly mount 
the two antennae on a single tower adjacent to the highway. This coaxial re- 
lationship permitted the receiver to function in the presence of the trans- 
mitter carrier with no measurable desensitization. The towers are all 150! 
self-supporting structures with the receiving antennae and microwave parabolas 
on top and the transmitting antennae located at the 75! level. Figure 11 is 

a typical structure in the process of erection. 


The overlapping areas between stations, of course, would have caused garbling 
due to phase distortion in the discriminator as a result of two equal carriers. 
This was solved by the use of a controlled bi-directional antenna as shown in 
Figure 12 on the mobile units. This unique method was specified by the Paul 
Godley Company, consulting engineers for the Turnpike Authority. By using two 
antennae suitably spaced and adjusting their phase relation by means of the 
electrical length of the transmission line, a field gain of 5 to 1 was obtained 
by driving one antenna and using the other as a parasitic director alternately 
selected by the vehicle operator. Not only was an advantage gained in being 
able to select the direction of reception, but it was equally effective in per- 
mitting utilization of lower powered transmitters. This also made it possible 
to direct the transmission toward another mobile, when working on low power 


(1.5 W.) on the base station frequency for operational teamwork without inter- 
fering with similar operations in an adjacent area, or utilizing the automatic 
facilities. 


All receivers and transmitters were interconnected by multiplex voice channels 
and signalling circuits in such a manner as to permit a 10 W. mobile unit to 
communicate directly with any other unit at any point within the Turnpike area, 
extending 118 miles from New York to Wilmington, Delaware. All receivers are 
interlocked so that only one can modulate the multiplex channel for any one 
transmission. Whichever receiver has priority is simultaneously connected to 
all transmitters, including the one at its own site. This is effected through’ 
a carrier operated relay and distribution system. Mutual protection between 
the carrier operated relay and channel signal system is accomplished by criss- 
crossing a disabling bias control through normally grounded relay contacts on 
each unit. By this means, any tendency of the system to "hunt" when a signal 
is received simultaneously at two locations is reduced to a minimum. 


A central dispatcher is located at New Brunswick monitoring all transmissions, 
including 3 district dispatchers at Newark, Moorestown and Swedesboro. All 
stations are channelled into New Brunswick, permitting the administrative dis- 
patcher to arrange the interconnection of the stations to suit the vehicular 
traffic load problems. Four groupings are provided; one is an all system party 
line; two is arranged as two group systems, party lining Moorestown, Swedesboro 
and Bordentown and party lining New Brunswick and Snake Hill. Three groups 
Snake Hill, New Brunswick and Bordentown as a unit and leaves Moorestown and 
Swedesboro together. Four keeps Moorestown and Swedesboro as in three, but 
separates Snake Hill, New Brunswick and Bordentown as independent automatic 
repeaters. This flexibility of grouping has been the means of solving many 
difficult traffic problems on this busiest of all express highways. The sys- 
tem dispatcher can assume control of any station throughout the system in 
preference to the mobile, but each division local operator can only assume 
control of his local station. The interchange toll booths are equipped with 
low power AC transceivers using the same frequency as the mobiles. A yagi 
antenna directs them into the system at a specific point to assure communica- 
tion with the proper local dispatcher. 


As in our previous illustrations, we also employ the AVC-Compressor amplifier 
at all transmitters and in addition use them at New Brunswick to assure uni- 
form inter-system levels for any grouping arrangement. Other services such 

as party line dial telephone, intercom phone and teletype are also available 
at all locations except Snake Hill and Bordentown. Each of these is unattended 
drop repeaters with automatic VHF only. Trenton, the N.J. State Police Head- 
quarters, is connected by a leg circuit at Bordentown. There are no VHF 
facilities or control available here, since all traffic is point to point. 

The Pennsylvania Turnpike, which has been in service longer, employs a similar 
method, maintaining contact over 350 miles of highway with its headquarters 
in Harrisburg. 


Summary 


During the early phases of the development of any new service, it is natural 

to be extravagant in the use of raw materials and equipment but successful growth 
has always been contingent on learning how to get more product with less waste. 
The communications industry is no exception. Prime users of communications are 


organizations that are intimately related to our community life and the pass- 
ing years have seen even our rural dwellers participating in the services of 
these organizations. The growth of our communities has demanded expansion and 
improvement of services offered. Economy, ease of maintenance, and accessi- 
bility have dictated re-appraisal of station sites, utilizing low power VHF 
transmitters united by microwave. With the expansion have come new applications 
multiplying the functional requirements. As these services have spread over 
larger and larger areas, need for centralization of administrative control has 
become apparent. To extend and operate these growing facilities we find that 
unless we plan well, complexity will override flexibility. Flexible simpli- 
city will be the only practical means of securing efficient operation from a 
wide variety of personnel, interconnected only by a radio carrier. High 
traffic volume is the normal product when communication users recognize the 
efficiency and economy of service obtained. To reduce operator requirements 
fatigue and re-transmission errors, automation will take its place as a neces- 
sary functional program in system planning. To further complicate our planning 
frequency spectrum availability is becoming a premium. Our only answer to this 
inevitable situation is the more effective use of the communication equipment 
to provide the more useful application of the channels we now have. 


Planning a system is no longer a short term program. It has become a careful 
evaluation of all related factors, starting with an organization functional 
study and progressing through a detailed investigation of plant and property 
facilities, to a practical equipment and operational layout design. To over- 
come the ever-present limitations we must be unlimited in our concept of new 
practices, never letting our imagination and pioneering spirit grow stale. 
The use of microwave as more than another telephone line to extend VHF 
service is the outgrowth of this challenge. 
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A COMMISSIONER'S REFLECTIONS ON THE MOBILE RADIO SERVICE 


Commissioner E. M. Webster 
Federal Communications Commission 
Washington, D. C. 


Mr. Chairman, fellow members of the Institute of Radio Engineers and guests: 


It has been two years since I had the pleasure of addressing your group in 
Chicago, Illinois. At that time I talked at some length on the problem of land 
mobile services in connection with frequency utilization and systems planning, 
and the prospects of obtaining additional frequencies for these services. Some 
of the views which I shall express here are an extension of those I voiced in 1951, 
as it occurred to me that you might be interested in the thinking and progress 
which has taken place since that time. 


In the earlier talk I took the position that, generally speaking, frequency 
utilization in the land mobile services is reasonably high. I stated, however, 
that, in my opinion, such utilization could be improved upon. In this regard I 
pointed to the sharing of frequencies, the employment of good systems design, and 
operating practices, as well as channel splitting, as steps to be taken if the 
maximum benefits of vehicular communications are to be realized in the limited 
frequency space available. 


For the purposes of this paper I have selected as my major subjects frequency 
utilization and systems licensing, Under the heading of frequency utilization I 
have included (a) possible new methods of frequency allocation, (b) channel split- 
ting, (c) development of the )50-)60 mc band, and (d) equipment standards. In 
discussing systems licensing I shall refer to our present licensing policy and 
review (a) the growth of the services and (b) past and possible future changes in 
the licensing procedure. Since I have much ground to cover and a limited time 
within which to do it, I shall begin without further ado. 


In the land mobile services, frequencies, with few exceptions, are allocated 
in blocks to the several radio services on a nationwide basis. Normally these 
allocations are made to single groups according to use, such as taxicabs. But 
occasionally two groups, such as urban transit and forestry conservation, are 
allocated a single block on a shared basis. While we recognize the fact that this 
method of block service allocation is not necessarily the most efficient procedure 
from the standpoint of frequency utilization, from the point of view of administratio 
it has permitted the Commission to keep reasonably current trith a constantly increas- 
ing application load in the land mobile services, Moreover, it has materially 
assisted in the resolution of interference problems within these services. However, 
block service allocations on a nationwide basis tend to be inherently wasteful 
because the distribution of licensees in the various services is not uniform 
throughout the country. 


One method of realizing greater efficiency in frequency utilization would be 
to allocate frequencies on a co-equal basis to two or more groups of users whose 
activities are somewhat separated geographically. This is known as the geographical 
allocation system. Where the location of each potential user and his identity are 
known in advance, it is possible to formulate assignment plans based on geographical 
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sharing. Such plans have been developed and are proving quite satisfactory for 
like users such as state police or railroads. However, since there are no sharp 
lines of demarcation between the areas of operation of the different users, this 
type of allocation accentuates the problems of interservice interference where 
unlike users are involved. Because of the difficulty of achieving coordination 
between users who have little or no understanding of each other's activities, 
the resolution of the interference problems becomes more complicated. 


Another method of geographical sharing which would increase frequency utili- 
zation in the land mobile service would be that used in assigning frequencies to 
standard broadcast stations, where interference, if any, is computed on an indi- 
vidual basis and in accordance with established standards. However, since the 
Commission is called upon to process approximately 30,000 land mobile radio 
applications annually, it is obvious that it would be impossible, without a tremen- 
dous increase in Commission personnel, to make an engineering analysis of each 
- application to determine whether the proposed station would cause interference to 
existing stations or other proposed stations and, if so, to what extent. Moreover, 
such a process would require a frequency study by the applicant prior to the sub- 
mission of his proposal. 


From the little I have said you can readily appreciate the fact that, while 
these methods appear on their face to offer a high degree of frequency utilization, 
the administrative complications which would result from their adoption would appear 
to overshadow the advantages. 


Secondary or tertiary sharing constitutes another approach to the utilization 
problem. Using this method the Commission has allocated 39 frequencies to the rail- 
road industry for mobile service commnication, with the same frequencies being made 
available to the public safety radio services on the condition that they cause no 
harmful interference to present and future railroad radio commnications. However, 
this type of allocation can create an anomalous situation wherein the secondary use 
of the frequency may develop to a greater extent than the primary. Moreover, 
secondary sharing gives rise to problems of the nature previously mentioned with 
respect to unlike services sharing the same frequencies on a co-equal basis. Inter- 
ference may also be experienced because the uses and numbers of licenses exceed that 
expected in the service for which the frequency is primarily allocated. 


When all is said and done with respect to land mobile frequency allocation 
methods, these three facts appear clear to me: our present method of allocation 
does not produce the maximum in utilization; while other methods may result in more 
efficient use of the frequencies, the concomitant disadvantages outweigh the advan- 
tages; and, at the moment, the combination of the several different allocation 
methods now used appears to strike the best balance between practicability and the 
ultimate in frequency utilization. 


Before moving on I would like to say that, whether or not past appearances 
belie my words today, the Commission really wants to cooperate with industry just 
as mich as it wants groups within industry to cooperate with each other. If you. 
have any suggestions regarding methods of allocating frequencies or any other 
radiocommunication matters which affect you, pass them on to us. We are not omni- 
potent, and I am sure we can learn from your experience. But a word of caution. 

If we cannot use your suggestion, don't be disgruntled and assume that your efforts 
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are being ignored. Often, what appears to be feasible from the point of view of 
engineering an individual system is impracticable from the standpoint of adminis— 
tering the service on a nationwide basis. But your suggestions, and even your 
criticisms, sharpen our thinking and often enable us to arrive at a workable 
solution to problems. Accordingly, your views are invited. 


Any discussion of frequency utilization and the prospects of obtaining addi- 
tional assignable frequencies brings one to the subject of channel splitting. Since 
my last meeting with your group a considerable amount of work has been done in 
testing and evaluating the technical possibilities of reducing channel widths. 
Without reviewing or elaborating on the technical aspects of channel splitting, 
which have received thorough and complete treatment in reports submitted by the 
Joint Technical Advisory Committee, I should like to call your attention to a few 
of the perplexing problems which must be faced by the Commission in attempting to 
attain a goal of split channel operation in the land mobile services. 


Reviews of the various reports on split channel studies tend to indicate that 
any large increase in frequency utilization may have to be accompanied by a change 
in the assignment methods employed by the Commission. The complexity and degree 
of dislocation to existing operations in implementing split channel assignments 
will depend largely on the split channel procedure adopted. In the event existing 
frequency spacings are split exactly in half, such dislocations will be kept toa 
minimum and the engineering study necessary at the Commission in application pro- 
cessing will also be minimized. On the other hand, by way of illustration, if the 
present 60 ke channel in the 150 me band should be split on a 40-20 ke basis, it 
is apparent that many frequency changes would be required with respect to existing 
operations, and an increased emphasis would have to be placed on geographical : 
separations. 


It is quite probable that split channel assignments may prove to be feasible 
to a greater extent in systems covering smaller geographical areas than in systems 
covering wide areas such as state police and forestry, since in the smaller area 
system the receivers involved are operated in higher field intensities and the 
effects of desensitization resulting from adjacent channel transmitters should be 
reduced. Conversely, however, an increase may occur in the intermodulation types 
of interference since the small area systems frequently are multiple in number 
and concentrated in urban areas. The larger area type of system where receivers 
must operate on extremely weak field intensities may not be able to tolerate the 
desensitizing effects of adjacent channel transmitters and the somewhat reduced 
signal-to-noise ratios which would be prevalent, without the installation of addi- 
tional transmitting and receiving locations. 


The implementation of split channel assignment will require that some protec- 
tion be given to present systems operating on the existing channel separations. 
Determinations must be reached as to the degree of this protection in terms of 
mileage separation, systems performance, degradation of service and the period of 
time over which such protection should be offered to existing equipments. It has 
been the Commission's policy over a long period of years to provide an adequate 
amount of time in which to modify existing equipments to meet increased technical 
standards. The periods of time involved are obviously affected by the extent to 
which equipments must be modified. The JIAC reports on split channel studies 
indicate that perhaps five years is a reasonable period of time for implementation. 
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However, the final figure will depend to some extent on comments and showings 
made by the industry at such time as the Commission may propose rule making to 
implement split channel operation. 


Another factor which the Commission must consider is whether such imp- 
lementation should be attempted throughout all of the land-mobile bands above 
25 mc simultaneously or whether split channel operation should be instituted on 
a selective basis, and if selective, whether such selective implementation should 
be by frequency bands, by services or by area. If the decision contemplates 
simultaneous implementation in all bands, the larger implementation problem some- 
what masks out several smaller problems which would have to be considered if imp- 
lementation were to be accomplished on a selective basis. Among these are existing 
frequency loading factors by areas as well as by services since the loading is not 
uniformly distributed among the various services and since in general it is higher, 
and the frequency problem accordingly more acute, in urban areas. Selective imp- 
lementation by service or by area would probably meet the most critical needs 
first. However, the service approach would appear to be somewhat more complicated 
from the standpoint of the band edge frequencies within each service in the same 
general portion of the spectrum. The area approach would require additional study 
from the standpoint of geographical separation between systems and an increased 
‘émphasis on the selection of transmitters and receiver locations. 


From the standpoint of the area-approach it should be noted that many land 
mobile systems employ portable types of apparatus under the classification of 
temporary base stations, and in several of the services this class of station 
operates over a rather wide geographical area. When you consider that a given sys- 
tem may have been established on a split channel assignment properly engineered | 
geographically to reduce the interference potential to a minimum from the standpoint 
of existing fixed installations in the area and you find temporary base stations 
appearing at random locations throughout that area, obviously the possibility of 
interference to the adjacent channel users is materially increased because of the 
probability of the transmitter being placed in close proximity to the receivers of 
adjacent users. Of course, this problem is with us under our present assignment 
plan, but it would be materially complicated by split channel operation. On the 
other hand, to curtail this probable type of operation would rather seriously 
interfere with the communication capability of many systems which employ such 
operation. Further, since split channel operation will undoubtedly increase the 
probability of intermodulation interference and render more critical the selection 


of transmitting and receiving sites — another burden would be placed upon systems 
design. 


While I have pointed out some of the problems in connection with split channel 
operations, it is not my desire to discourage you, but rather to advise you that 
channel splitting is not the panacea we would like it to be, and that in connection 
with this advancement in the art there are many practical problems which must be 
overcome. That they will be overcome I have no doubt. 


As we leave this subject I shall crawl a slight distance out on the well-known 
limb and venture the opinion that the Commission will not completely abandon its 
service allocation principle in the implementation of split channel operation, but, 
rather, while retaining the basic concept of service allocation will introduce to 
an increasing extent the element of geographical separation in the engineering of 
the split channel assignments. 
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In addressing your group in 1951 I ventured the opinion that the higher 
frequency bands, 450-460 mc, offer the best opportunity for expansion in the 
immediate future. Let us examine such information as we have regarding the 
development of this band so as to analyze the efficiency of my crystal ball. 
During the past year increasing use has been made of the band 450-460 mc and it 
is Significant to note that units now in use already number in the low thousands. 
Widespread implementation of this band offers possibilities of substantial relief 
of congestion on the lower frequency bands, particularly the 152-174 mc band which 
is most popular for urban service. The general objective of the Commission is to 
guide the development of the 450-460 mc band so as to gain maximum frequency 
utilization without imposing unduly restrictive limitations on existing and 
prospective users. 


At the present time authorizations for private systems in the 450-460 mc band 
are limited to developmental operation. This is a mode of licensing used by the 
Commission in many land mobile services during the initial stages of development 
of a new part of the spectrum or a new use of radio. Unlike licenses in the regular 
services, developmental grants frequently are subject to special conditions; are 
issued for only one year; and are subject to change or cancellation at any time. 
This is designed to give the Commission greater administrative control over the 
service during its formative period than is normally exercised over the established 
and long recognized services. The information and experience obtained is also ex- 
tremely useful in the drafting of permanent regulations for the service. 


In some quarters it is believed that the establishment of the 450-460 mc band 
on a "regular" basis, as distinguished from the present developmental classification, 
will speed the occupancy of the band because prospective users are naturally reluc- 
tant to invest in equipment for a service which, by the terms of its license, is 
subject to change without notice. However, there are others who are of the opinion 
that the longer we retain the developmental type of operation, the more information 
we will gather and the greater are the equipment developments which can be expected. 
It is our problem to determine the most propitious time for removing the 450-460 mc 
band from the developmental category. In any event, a necessary preliminary to 
regular operation in this band is to review the technical standards now applicable 
to all of the land mobile services and determine the extent to which they should be 
modified in the light of performance capacity of equipment recently developed and 
placed in service in the 450-460 mc band. For example, we have no general rule on 
frequency tolerance for this band. Perhaps the figure 0.005 per cent used for the 
152-174 mc band should be tightened for the 450 mc band. Efficient spectrum utili- 
zation requires that the space allowed for tolerance be as small as possible in 
relation to the space actually occupied by the modulated signal. 


The Commission recently changed the allocation in this band so as to provide 
greater separation between the frequencies available for assignment to particular 
licensee groups. The primary object of this change was to provide for greater flexi- 
bility in system design, particularly with regard to the problem of duplex operation. 
There are differences in opinion with respect to simplex and duplex operation in the 
light of maximum frequency utilization. When a number of users must share the same 
frequencies in the same local area, many experts believe that the two-frequency or 
duplex operation of all the radio systems results in less interference than single 
frequency or simplex operation. From the operational standpoint, however, single 
frequency operation often is preferred since all units of the system hear both sides 
of each communication. Simplex operation also facilitates direct mobile—to-mobile 
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communications for local on-the-spot supervision, coordination, or control. However, 
the direct mobile-to-mobile range is not as great in the 450 mc band as in the lower 
frequency bands. The problem then is how far should the Commission go in requiring 
all licensees in the 450 mc band to use duplex operation. There is an outstanding 
notice of proposed rule making, Docket No. 10554, which would reserve one half of 
the frequencies for mobile units only, and the other half for both base station and 
mobile use. If this proposal should be placed in effect, it is probable that two- 
frequency operation will be the typical method in the larger population centers, and ~ 
that both simplex and duplex systems will be used elsewhere. This probability is 
based on the Commission's experience with the taxicab radio service, where a similar 
arrangement has been in effect for some time. 


Presently 2 mc of space is allocated to each of five service groups, namely, 
renote pickup broadcast, industrial, land transportation, public safety and domestic 
public. At this time it looks as if a detailed suballocation in this portion of the 
spectrum may result in a considerably lower factor of frequency utilization than is 
obtained under this procedure in the lower frequency bands. For this reason sub- 
allocation should go no further than necessary to protect priority users, or to 
isolate groups having low priority but large potential demand unless further experi- 
ence in the band should indicate otherwise. 


At the present time a problem exists as to how far the Commission Should go in 
compelling a new applicant to use an unoccupied frequency in-the 450 me band rather 
than share a frequency in the 152 mc band. While this may be only a temporary prob- 
len it nevertheless is a serious one because of the Commission practice of granting 
only one-year licenses in the 450 mc band and also because of the differential in 
cost between vhf and uhf equipment. The Commission will eventually remove the 
developmental classification from the uhf mobile services, but there is little the 
Commission can do with respect to equalizing the cost of equipment for the two fre- 
quency bands. The extent to which the economic factor will deter the full implemen- 
tation of the 450 mc band is yet to be seen. However, my faith in the electronic 
engineers of this country leads me to believe that this constitutes only a temporary 
stumbling block to the full implementation of the 450 mc band. 


No discussion of improved frequency utilization would be complete without some 
reference to the matter of equipment standards. To provide the maximum in frequency 
utilization it is necessary that the performance of equipment be maintained at the 
highest standards commensurate with reasonable economic factors. Standards specified 
in the rules should be such that current models of equipment are capable of compliance. 
However, it is obvious that standards must stand constant scrutiny and be changed from — 
time to time as the state of the art advances. 4: 


Changes in standards may be accompanied by required replacement of equipment ‘ 
already in operation by licensees. It has been the policy of the Commission to pro- 
vide a reasonable amortization period where equipment changes are required as a result 
of more stringent technical standards, whether such changes are the result of fre- 
quency separations being narrowed, general development of the radio art, compliance 
with international regulations or other factors. The amortization period for old 
equipment which has been obsoleted has varied in the past according to the economics 
involved. In some instances, the so-called "grandfather" clause covering operation 
of old units has been left open-ended on the theory that the particular apparatus 
has a reasonably short life expectancy in the service in which it is used. However, 
where the technical advances involved are common to several radio services and apply 


18 


over rather wide ranges of the frequency spectrum there appears to be considerable 
merit in specifying definite dates on which equipments must be replaced or modified. 
I think this would be an appropriate time and place to suggest that licensees estab- 
lish their equipment amortization plans so as to take into account the relatively 
high obsolescence rate of almost all radio communication equipment brought about by 
the rapid pace maintained by engineers in their drive to get the most out of the 
frequencies available to us. 


In the promulgation of rules and regulations the Commission is concerned with 
systems performance and frequency utilization. Systems performance depends on radio 
transmitters, receivers, antenna systems, power supplies, operating techniques and 
methods of use. From the Commission's regulatory standpoint in the land mobile 
services the equipment aspect of systems performance has been limited primarily to 
the radio transmitters in that standards have been promulgated only for transmitting 
equipment and the licensing procedure is applied only to the transmitting equipment. 
Since systems performance and frequency utilization are closely allied with receiver 
performance as well as transmitter performance, perhaps the Commission should look 
toward the establishment of minimum standards for receiver performance. The Com- 
mission has directed some of its efforts toward a solution of the problem of receiver 
radiation since many receivers actually radiate energy at a sufficient level to pro- 
duce harmful interference to communications in the same or other radio services. 

The extent of any possible regulation in this field, however, has not been determined. 
It is important, from the standpoint of good engineering practice that equipment 
manufacturers and licensee-users insist on a high degree of excellence in receiver . 
design. 


With the increasing congestion in the frequency spectrum it becomes evident 
that all possible means of frequency conservation should be scrutinized. If we are 
to gain increased frequency utilization, we mst restrict small area systems to 
operating powers and antenna characteristics which are commensurate with the area 
to be covered and preclude the establishment of stations employing powers and antenna 
characteristics which provide strong field intensities considerably beyond their area 
of normal operation. 


The unprecedented growth of the land mobile services during the post-war years 
has been so great as to raise many problems in planning, administration and operation. 
These problems which face the Commission as well as the industry must be solved and 
farsighted plans for the future must be made now if we are to provide the most in 
communications for the security and economic welfare of the United States. 


Turning now to the matter of licensing in the land mobile services, in order 
that I may conveniently illustrate the thoughts which I am about to express, let us 
first consider the police radio service in which cities, counties and states are 
licensed. As of June 30, 1945, there were 2,643 radio licenses in the police radio 
service. By June 30, 1953, this figure had grown to 8,005, which represents some— 
thing like 100,000 actual radio stations in the service. This simple figure com- 
parison does not, of course, in any way indicate the enormous increase in the com- 
plexity of the police communication problem that has come about through evolutionary 
‘processes during this period. 


Through these years of growth the Commission has made a number of changes in 


the police radio service licensing procedures. However, these changes, valuable as 
they have been, have not enabled the Commission to keep pace with the needs of the 
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service, as clearly demonstrated by our backlog of applications and regulatory 
work. Accordingly, considerable thought has been devoted to the development of 

a licensing procedure which will permit the Commission to regulate the land mobile 
gervices in accordance with the responsibility imposed upon it by Congress, and 
yet at the same time ease the burden on both itself and the industry which has 
been created by the licensing practice presently in force. I have in mind the 
development of a licensing policy which might be called "systems licensing." 

This is a matter which I have discussed with the staff over many months. 


As used here the term "systems licensing" contemplates including within a 
single instrument of authorization all radio facilities licensed to a single entity. 
Such licensing could be effected on the basis of a single broad purpose or several 
purposes coming within the scope of the Rules pertaining to land mobile services. 
Because the police radio service appears to lend itself readily to systems licensing 
as applied to the radio facilities of a single entity having a single broad purpose, 
let us turn to that service for reasons of illustration. While we still require 
individual licensing for some radio facilities, such as speed meters, used by the 
police, we no longer license each transmitter-receiver individually in a single 
police radiocommunication network. To that extent we have already partially adopted 
a policy of systems licensing. As a first step in the direction of complete systems 
licensing consideration has been given to the possibility of issuing police depart- 
ments a single instrument of authorization which will permit that department to 
operate all radio facilities provided for in the Commission's Rules and Regulations 
with respect to safety activities. 


In my opinion, if and when this step is taken, close scrutiny should be given 
to its effect for a reasonable length of time. If practical experience demonstrates 
that the police department of a city can properly operate all its radio facilities 
under a single license and the Commission can effectively administer its rules under 
such conditions, it appears to me that the time then will have come for taking the 
next step, which would be the issuing of a single license to the city covering the 
radio operations of both the police and fire departments. If this proves satisfac-— 
tory a possible next step would be the inclusion of other municipal activities coming 
within the total scope of safety activities. This would be systems licensing as 
applied to the radio facilities of an entity having multiple functions. 


If it develops that all the safety functions can be included under one license 
issued to the city, county, or state, we should then look to local and state acti- 
vities other than safety which use radio as an aid. Can they too be covered by a 
single instrument of authorization from administrative and operative points of view? 
Admittedly this would be a more difficult move, but, in my opinion, one that even- 
tually should be attempted if the Commission expects to keep pace with the demands 
made upon it in the form of increased and new uses in the field of communications. 
It would appear logical to me that step by step we should enlarge the scope of 
systems licensing until such time as all municipal and state governmental activities 
employing radio, including transit service in the case of some cities and road main- 
tenance in the case of cities and states, are included under one license. Obviously, 
Commission Rules would have to be amended continuously to keep abreast of the changes 
which would evolve should it develop that the opinions expressed here can be placed 
into effect. 


I fully realize that some of the thoughts I have expressed here may be con- 
sidered visionary, but I am willing to gamble on having my thinking placed in such 
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’ ‘ 


category for the sake of sparking government and industry into coordinating 


their efforts in a drive to keep radio operations apace of the fast-moving world 
in which we live. 


I have suggested systems licensing to you with the idea of provoking your 
thinking, and in the hopes that you will consider it as to merits and problems. 
I invite both your individual and joint consideration and views. 


Thank you for inviting me to talk to you today. You know that I take interest 
in your problems and delight in your progress. Moreover, I feel that I am better 
able to serve the public interest after I have met with you personally and acquired 
a first-hand knowledge of your efforts. You have done so much to advance the wel- 


fare of this country, I am sure that the public will long be able to reap the fruits 
of your labor. 
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DUPIEX AND MULTI-CHANNEL 
MOBILE EQUIPMENT 


William Ornstein 
Canadian Marconi Company 
Montreal, Quebec, Canada 


The requirement for duplex operation and multi-channel facilities 
is frequently encountered in the specification of VHF mobile communication 
systems. The normal requirement is that such features will be provided by 
modification of standard designs without undue increase of cost, size or 
power drain. Moreover it is important that the basic performance character= 
istics of the equipment be maintained after the addition of these new 
facilities. This paper will describe some practical design solutions to. 
the above system requirements as developed to meet the needs of the VHF 
marine service. It is believed that the techniques employed in meeting the 
VHF marine requirements will be equally applicable to similar land mobile 
requirements. 


Due to the relative newness of the marine VHF service, channel 
allocations and usage have not been standardized as yet for all areas, 
However, certain requirements are common in all cases. These are as follows: 


(a) The equipment employed must be capable of operation on a minimum of 
8 channels with provision for rapid channel change. 


(ob) One frequency is normally employed as an international safety and 
Calling frequency which is continuously monitored by all vessels 
when the equipment is not otherwise in use. 


(c) One or two channels are so called public correspondence channels 
used for ship to shore communication. These channels often work 
into the telephone companiss exchange and are generally operated 
duplex, 


Figure 1 (1) is a table of transmitting and receiving frequencies 
which has been proposed for one such scheme, namely, shipboard installations 
on the Great Lakes. With some modification, similar schemes are being 
operated on the Canadian West and East coasts, 


While a total of eleven channels are shown on this table, any 
given installation would not in general require more than eight channels. 
These would normally include channels 1, 2, 7 and 8 and of the remaining 
channels. 


It should be noted that the transmitting frequencies lie in the 
range 156.3 to 157. with a total spread of 1.1 mc. However, in the case 
of receiver frequencies, these lie in two groups - channels 1 to 6 and W, X 
and Y cover the channel 156.3 to 157.2 with a spread of .9 mc. Channel 
7 and 8 cover the range 161.9 to 162.9 with a spread of .1 mec. 


In the case of the transmitter the entire group of channels can be 
handled by crystal switching only without necessity of retuning or switching 
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tuned circuits, However, in the case of the receiver the frequency range is 
5.6 mc which is a wider band than the receiver front end can be designed to 
handle without deterioration of other performance characteristics. It is, 
therefore, necessary to adopt special design measures to permit rapid switch 
ing of the receiver to any one of the allocated channels. 


Several interesting problems were raised by the design of equipment 
for this service and some of the solutions adopted will now be described 
under the two headings of Duplex Operation and Multi-Channel Operation. 


Duplex Operation 


As normally employed the term duplex operation implies that at 
each end of a radio communication link the transmitter and receiver are 
capable of simultaneous operation without prohibitive interference by a 
transmitter to the adjacent receiver, While all transmitters and receivers 
of the system may function simultaneously, it is more usual in mobile systems 
to employ "press-to-talk" duplex — that is while both receivers function 
simultaneously the transmitters are only energized when required for comnun- 
ication. An alternative method of operation is voice operated carrier by 
which the transmitters are energized when speech level is applied to the 
modulation circuits. 


Unlike normal simplex operation a duplex radio link of necessity 
requires 2 channels. The basic design problem in a duplex system is the 
maintenance of normal receiver performance in the immediate proximity of 
a simultaneously operating transmitter. This problem will in general 
become more acute as the frequency separation between transmitter and 
receiver becomes less. Most existing duplex systems employ frequency 
separations of the order of ) ~ 5 mc, however, this figure may well be 
narrowed in the future if suitable widely spaced channels are not avail- 
able in a given area. Although the present application involves duplex 
operation with frequency separations of the order of 5 mc, some consider- 
ation will be given to the problem of closer frequency spacing. 


Two basic requirements must be met if optimum receiver performance 
is to be maintained in duplex operation. First the receiver must suffer 
minimum deterioration in its ability to receive the desired signal when 
there is simultaneously impressed across its input circuit a large signa? 
at the frequency of the adjacent transmitter. The figure of merit of a 
receiver for duplex working is determined by how narrow a frequency spac- 
ing can be tolerated for a given level of interfering signal or alternat- 
ively, how large an interfering signal can be tolerated for a given fre- 
quency separation. A satisfactory method of measurement of this character- 
istic is the R.T.M.A. Selectivity Test (2) for land mobile receivers which 
calls for the use of two signal generators modulated at different audio 
frequencies and tuned respectively to the desired and interfering channels. 
A second requirement is that the transmitter and associated antenna system 
introduce minimum interfering signal into the receiver input circuit. 


The first requirement is a problem of receiver design which will 
not receive detailed consideration here. Obviously spurious response and 
desensitization by strong interfering signals should be held to a minimum 
and front end selectivity, particularly between antenna and first R.F. 
tube should be as high as possible. If, as is normally the case, both receiver 
and transmitter are in a common housing both units should be carefully shielded 
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to reduce the interference due to the induction field of the transmitter. 
The second requirement involves maximum isolation of the transmitter out— 
put circuit from the receiver input circuit. The simplest solution to 
this problem is the use of separate antennas for transmitter and receiver, 
sufficiently well separated to insure that the mutual coupling between 
antennas is held to the desired minimum. This, however, is in many cases, 
particularly in mobile applications, not practical and is in any case not 
the most economical solution. 


While some systems in the field do employ separate receiver and 
transmitting antennas, the present tendency is to use common antenna 
schemes with some form of isolation introduced between the transmitter 
and receiver feeding a common antenna. Two schemes for achieving such 
isolation will be described here. The first is most suitable when appre- 
ciable differences are involved between transmitter and receiver, while 
the second is most suitable for close frequency spacings. The cross-~ 
over frequency separation at which both schemes become equally effective 
is approximately 1 —- 2 mc. For large frequency separations tunable co- 
axial cavity filters are employed in the circuit of Figure 2. It will 
be noted that one filter tuned to the transmitter frequency is inserted 
in the transmitter feed line at a distance of one quarter the receiver 
- wavelength from point X and that similarly a filter tuned to the receiver 
frequency is inserted in the receiver feed line at one quarter the trans- 
mitter wavelength from the point, X being the junction of transmitter and 
‘receiver feed lines. Each cavity reflects back to this junction a high 
impedance at the undesired frequency and a normal load impedance at the 
desired frequency, thus energy from the transmitter is filtered out of 
the receiver branch and energy from the antenna at the receiver frequency 
is filtered out of the transmitter branch. This system increases in ef- 
fectiveness as the difference between transmitter and receiver frequencies 
is increased. Constructional details of the cavities employed is of interest. 


Figure 3 shows a cross sectional view and the equivalent circuit 
of the cavities employed. Two coupling loovs which terminate in coaxial 
fittings are rotatable so that a compromise can be achieved between in- 
sertion loss and selectivity as required by the particular system. In 
general the transmitter cavity is set up for minimum insertion loss to allow 
maximum power radiation from the antenna while the receiver cavity is set 
up for maximum selectivity to ensure minimum interference from the transmitter 
at the expense of somewhat reduced sensitivity. Figures lh, 5 and 6 are photo- 
graphs of one of these cavities in various stages of assembly. 


The cavities employed in the 150 mc band are 15-1/2" long and 
5-1/2" in diameter covering a frequency range of 10 -200 mc. These cavities 
are capable of dissipating approximately 25 watts without appreciable tem- 
perature rise. The coupling loops can be rotated through 90° to obtain the 
desired filter characteristic. It will be noted that the drive shaft for 
frequency adjustment is recessed into the interior of the cavity requiring 
a special tool for adjustment and that a locking nut is provided at the end 
of the cavity to lock this adjustment once it has been made. The adjusting 
tool employed carries a rough frequency calibration engraved along its length. 


Figure 7 shows two selectivity curves, the first with the loop set 
at 0° gives an insertion loss at the desired frequency of 1.2 db and an 
attenuation of 20 db for frequencies | mc removed. The second, with loop 
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Orr A : 
set at 60 -, gives an insertion loss of 5-1/2 db and an attenuation of 6 db 
for frequencies ); mc removed. 


A typical calculation will demonstrate how the transmitter and 
receiver performance is effected by the requirements of duplex operation when 
using cavity filters for isolation. Consider the case of a particular receiver 
with .5 microvolts sensitivity for 12 db signal to noise ratio in a duplex 
system employing mc frequency separation. This receiver requires an inter- 
fering signal 90 db above .5 microvolts to produce a 6 db deterioration in 
Signal to noise. Assume that the two cavities of Figure 3 are employed with 
coupling loops set at 60 °for the receiver cavity and 0° for the transmitter 
cavity. The total attenuation from transmitter to receiver will be approx- 
imately 70 db including the effect of the quarter wave line in the receiver 
branch. The transmitter power could, therefore, be 160 db above the desired 
dignal of .5 microvolts at the receiver terminals without producing a deter= 
ioration of signal to noise in excess of 6 db. Now 0.5 microvolts in 50 
ohms is 0.5 x 10-1) watts. The permissible level of the transmitter power 
is therefore 50 watts. It should be noted that the effective level of trans- 
mitter power will be only 45 watts due to the transmitter cavity, while the 
receiver sensitivity for 6 db signal to noise will be lowered from .5 micro— 
volts to 1.0 microvolts by the receiver cavity. 


Although no actual installations have been made using duplex opera-~ 
tion at small frequency separations, a method has been developed by the 
Marconi's Wireless Telegraph Company of England which appears to be a promising 
solution to this problem when common antenna working is employed. This method 
uses, as the isolating device, a twin-T network shown schematically in Figure 8. 
It will be noted that three coaxial terminations are shown on this circuit. 
When the network is set up at some given rejection frequency fp, a large at- 
tenuation is obtained between A and C whereas attenuation between A and B and 
C and B is approximately 3 db. If the frequency of signals applied to A and 
C are very nearly the same, an isolation of 90 db is possible. 


A number of problems in the use of the twin-T network should be 
pointed out. First a 3 db loss is suffered in the transmission of power from 
A to B or C to B. A transmitter power loss of 50% is, therefore, inherent in | 
the use of the device as well as a corresponding loss in receiver sensitivity, 
Moreover the initial balance of the circuit may be affected by chariges in 
antenna characteristics due to the effect of weather, temperature and proximity 
of other objects. On the other hand the twin-T network has the advantage of 
low cost and an effectiveness of isolation which increases as the transmitter 
and receiver frequencies approach each other, 


Multi-Channel Systems 


It is a common requirement of VHF mobile systems that two or more 
channels be available for both transmission and reception, the desired channel 
being selected by the equipment user by merely operating a channel selection 
switch. This requirement is normally filled by selecting the desired channels 
within a given small bandwidth so that the process of channel change involves 
crystal switching only without the necessity of readjustment or switching of 
any tuned circuits. In most 150 me mobile equipments it is normally possible 
to change frequencies in this manner within + 500 ke of some centre value with- 
out appreciable deterioration of transmitter or receiver performance. As has 
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been pointed out previously the requirements of the marine VHF equipment make 
this simple approach possible in the case of the transmitter but not in the 
case of the receiver where a spread of 5-1/2 mc exists between the limits of 
the receiver channel allocation. 


Figure 9 is a view of a standard 2 channel fixed station for the 
land mobile service and Figure 10 is a view of the same equipment with the 
cover removed showing the transmitter, receiver and power supply chassis. 
This is the unit which was chosen for redesign to meet the previously 
mentioned 8 channel application. The multi-channel version of this equipment 
is basically the original unit with the addition of a frequency control chassis, 
three views of which are shown in Figures 11, 12, and 12A. This chassis employs 
8 crystal ovens using a total of 16 crystals, the desired crystals being sel-~ 
ected by a multi-wafer rotary switch running the length of the chassis. Six- 
teen coaxial air trimmer condensers are employed in parrallel with the crystals 
to permit exact frequency adjustment of the unit in the field. It had orig- 
inally been intended to use standard JAN CR27U crystals requiring a circuit 
loading of 32 mmf, however, the additional capacitance of the switch wiring 
and netting condensers has made it necessary to use crystals manufactured 
for circuit loading of 38 mmf. Figure 1) is a photograph of the complete 
8 channel marine equipment and Figure 15 is the same unit with the cover re- 
moved, showing the frequency control chassis mid-way between the transmitter 
and receiver. Figure 13 is a block diagram of the complete multi-channel 
equipment. 


The transmitter and receiver oscillators are transferred to the fre- 
quency control chassis with switch selection up to 8 crystals for each oscil- 
lator. In the transmitter section the oscillator output is fed directly to 
the modulator stage on the transmitter chassis. In the receiver section the 
output of the oscillator follows two alternative paths depending upon which 
of two frequency bands the channel selected lies in. The frequency control 
chassis carries in duplicate the VHF front end and frequency multiplier stages 
employed on the receiver chassis. For the channel allocation scheme previously 
described, the front end on the receiver chassis would cover the frequency 
range 156.3 to 157.3 while that on the frequency control chassis would cover 
the range 161.5 to 162.5 mc. If the receiver channel selected lies in the 
first band the oscillator output feeds into the following multiplier stage 
on the receiver chassis whereas if the channel selected lies in the second 
band the oscillator outcut is fed into the succeeding multiplier stage on 
the frequency control chassis. A relay on the frequency control chassis 
transfers the received signal to whichever of the two receiver front ends 
is being employed while at the other end of the chain, the outputs of the 
two mixer circuits are paralleled across the input of the common first I.F. 
amplifier on the receiver chassis. 


It has been possible in practice to obtain satisfactory performance 
without deterioration of any of the main operational parameters on all 8 
channels both on laboratory tests and in actual field service. Moreover 8 
channel duplex installations of the above design are only 50% higher in cost 
and require little more space than equivalent single channel simplex units. 


In conclusion, the writer would like to express his appreciation 


to the V.H,F. Development Groups of the Canadian Marconi Company and Marconi's 
Wireless Telegraph Company of England for much of the information contained 
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in this paper, particularly to Mr. P.R.G. Cahn, project engineer on Marine 
V.H.F. equipment of the Canadian Company, and Messrs. Cranston and Keller of 
the British Company, who furnished much of the information on Duplex operation. 
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Great Lakes Supplemental VHF-FM Radiotelephone System. 
Shipboard Transmitting and Receiving Frequencies. 
(Note Channels W, X, Y and 1 to 6 are Simplex with 


Identical Transmit and Receive Frequencies. ) 


Frequency Channel 
Megacycles Designation Function 
156.8 1 Safety Calling - Continually monitared 
Navigational Channels 
156.3 2 General Intership, All Vessels 
T5752 3 Coast Guard Working 
156.6 h Port Operations 
157.0 5 Second Intership, Large Vessels 
156.7 6 Third Intership, Small Vessels 
Operational Channels 
156.9 W Tug Dispatch 
156.5 X Fishing and Construction Craft 
156.4 Y Ferries 


Pubiic Correspondence 
157.3 Transmit 


v Ship to Shore, Duplex 
162.0 Receive 
157.4 Transmit 
8 Ship to Shore, Duplex 
161.9 Receive 
Fig. 1 
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MOBILE RADIO SYSTEM PERFORMANCE IN THE UNITED STATES FOREST SERVICE * 


W. S. Claypool 
Forest Service Radio Laboratory 
Beltsville, Maryland 


From the time radio communication was first used in the Forest Service, the 
principal objective in the application of that tool has been the attainment of 
reliable portable and mobile service. The forester's field work is almost all in 
the areas beyond the influence of other practical forms of communication. Since 
the latter part of the 1920's there has been a steady and encouraging evolution 
in the design and application of equipment suitable for these field needs. The 
modern portable and mobile networks used in the National Forest System, while not 
perfect, have proven to be dependable and economical in practice. The acceptance 
of this valuable tool by the field personnel it serves has been very favorable. 


The technical development and perfection of equipment alone is no guarantee 
that it will be so universally accepted. A great deal of practical planning is 
required before a basic network can be established with assurance that performance 
will meet the standards required in field service. The mountainous terrain so typi- 
cal of the majority of the National Forests is of course a very limiting factor in 
the direct coverage obtained from low power vhf equipment. The areas served by 
these networks are large, resulting in relatively long transmission paths. 


The protection of the forest resources from destruction by fire is an ever 
present challenge. Many economically sound tools and techniques are used in the 
prevention, detection, and suppression of that spoiler. So vital is radio com- 
munication in the fire control problem that essentially 100 per cent of all forest 
networks are either directly or at least closely related to this phase of the work. 


The detection of fires in the forest is largely accomplished by a system of 
lookout towers supplemented in many areas by air reconnaissance. The sites selected 
for these observation towers have excellent seen-area coverage of the lands under 
protection and are ideal as locations for vhf radio terminals. Through the use of 
techniques such as remote control, radio relay, and automatic repeaters installed 
at these lookouts and at other points, the range of reliable coverage for portable 
equipments can be extended into the essential work areas of the forest. 


The suppression of forest fires while they are still small is the ideal exe- 
cution of the forest fire problem. Occasionally, fires reach large and destructive 
proportions due to explosive conditions of the forest fuel and other causes. When 
this occurs the suppression organization is very closely parallel to a military 
campaign. The chain of command is very similar and the problems of communication 
become quite involved. The successful conduct of such a major field: operation is 
a series of decisions based upon the most accurate information available and fol- 
lowed by vigorous action. It is not difficult to visualize the many and real needs 
for reliable communication of a type capable of being brought into action at any 
sector. 


* Presented before Vehicular Communications Group at Boston, November 12, 1954. 
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The need for communication between field units is often as important as 
communication with the district office. Much of the supervision, development and 
almost all of the protection work is accomplished either in the field or through 
frequent field inspections made by the district forest ranger and his assistants. 
Without reliable mobile and portable communication these personnel are reluctant 
to leave centers of communication when the danger of fire is high. 


About 60 per cent of the total vhf networks in the National Forest System use 
some form of automatic repeater service. These installations are mostly all ina 
very mountainous area and very little use of repeaters will be found in the level 
forest country of the Southeast. 


The repeaters used are quite straightforward in design and very simple in 
operation. The repeater intercepts information on one frequency and re-transmits 
it on another. A separate transmitter within the repeater assembly permits direct 
comminication between the repeater and other lookout stations. All base, mobile 
and portable stations in a repeatered network have a receiver controlled to the 
repeater transmitter frequency. Two transmitters, one on each frequency, permit 
the operator to communicate directly with other stations by selecting the correct 
transmitter. Taking advantage of topographical barriers, several groups can com- 
municate each among themselves without causing interference to the others. 


When the mobile or portable station operator wishes to communicate beyond his 
direct range, he selects the transmitter frequency corresponding to the repeater 
receiver frequency and requests repeater service from the lookout towerman. 


The repeater installations fall into two classes which have been called wide- 
spaced when the separation between receivers and transmitter frequencies is greater 
than can be accomplished by the use of crystal switching techniques in the trans—- 
mitters. The other category of repeater is termed close-spaced and is used when 
the receiver and transmitter frequencies are within crystal switching range of each 
other. Close-spaced system frequency separations are of the order of 200 to 260 ke 
in the 30/40 mc sub—bands. 


Separate antennas are used and in the case of the wide-spaced repeater type, 
the physical separation of 15-20 feet is adequate in most cases to reduce the de- 


sensitization of the receiver caused by the transmitter. Practical reduction figures 
of 3 db or less are easily obtained. Auxiliary rejection filters of the coaxial line 


type or lump constant configuration are used where less de~sensitization is required. 


The close-spaced repeaters require antenna separations of 90 or more feet and 


the insertion of a cavity resonator in the receiver antenna transmission line. Orien- 


tation of the receiver antenna in relation to the transmitting antenna to take advan- 
tage of phase cancellation effects is also beneficial in reducing de-sensitization. 


The receivers used in the close-spaced repeater assemblies must have exceptional 


selectivity and the systems of this type now in use employ only ac powered receiver 
types. The present design of battery powered receivers do not offer sufficient 


selectivity. 


In connection with the close-spaced repeater tests an interesting observation 
was made in the use of the cavity resonators. The insertion loss (3 db) of these 
cavities closely agrees with the rated insertion loss as measured with a signal 
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generator and a receiver. When used in the receiver transmission line the measured 
insertion loss is much less than the rated loss. The method of measurement of these 
loss factors was the radiation of a test signal from the standard signal generator 
by connecting it to a test antenna located some distance from the receiver antenna. 
Twenty db quieting figures were then taken with the cavity "in" and "out" of the 
receiver antenna circuit. In all cases there was essentially no loss due to the in- 
sertion of the cavity. ; 


The wide-band noise radiation from the transmitter limits the degree of de- 
sensitization reduction attainable without the use of a cavity in the transmitter 
radiation system or by excessive antenna spacing. The 3 db figure attained with the 
simple treatments described is considered satisfactory in all of the existing sys- 
tems of this type. 


The maintenance problem is considerably less in a close-space system than in 
a wide-space system. The reduction in maintenance comes about from the fact that 
only one transmitter is required in the close-space system equipment, whereas, the 
wide-space systems require transmitters completely independent in all equipments. 


The initial equipment costs are obviously less in the close-space system. In 
12 networks of the close-space type used in California, the savings over wide-space 
repeater types is calculated at 68 ,000 .00. The equipment in these 12 systems in- 
clude: 74 base stations, 17 repeaters, 364 mobiles, 414 handy-talkies, 100 back-pack, 
and 97 lookout stations. 


Extensive use is made of remote control in extending the range of units in the 
network, and in overcoming the degrading effects of noise which is usually present 
in the office areas. Standard methods utilizing commercial components meet essen- 
tially all of the requirements. 


Many of the key lookouts are beyond the range of remote control, and in other 
cases the problems of maintaining wire service is impractical due to ice, snow, 
falling timber, and other factors. 


Where wire lines are not feasible and remote control is desired, the use of 
radio relay provides satisfactory service. Such installations are at least presently 
confined to stations where ac power is available. Frequencies used are in the 162/174 
mc band and in the 411/418 me uhf band. 


The airplane has long played an important role in forestry work. Present usage 
of planes includes such tasks as aerial detection to supplement ground observers; 
"Smokejumpers" are parachuted to isolated fires hours or even days before the area 
could be reached by other means of travel; fire tools and supplies often including 
hot food for the men on the fire line are dropped by cargo chute; the control of 
forest insects is conducted on a large scale through the use of aerial spraying or 
dusting, a hazardous task requiring precision project control; game counts, mapping 
and many other applications are made of the airplane in forestry work. 


Many of these aerial assignments are accomplished in conjunction with ground 
crews and reliable plane-to-ground communication is essential to the progress and 
safety of the program. VHF radio in both the 30/40 mc and the 160/174 me sub-bands 
has been found to be highly satisfactory for this service. Except in the larger 
forest owned aircraft the small portable handy-talkie or packset is used. The 


jarger planes such as Norsemen, Lodestars, and Beech Bonanza use standard mobile 
equipment modified to operate from the craft's battery supply. A majority of the 
aircraft in use are rented for a specific assignment. For these temporary assign- 
ments a secure method of installation has been developed. The standard loaded whip 
from the portable set is fastened in a vertical position extending downward from 
the strut using a special plate and strap assembly. Lightweight coaxial lines con- 
nect the antenna to the set located in the cabin, and the self contained batteries 
render the equipment completely independent of the plane's power system. Trained, 
yet nontechnical personnel can make such an installation in a matter of a few 
minutes. Special earphones and a noise excluding microphone assembly are used. 


Coverage between plane and low powered portable sets on the ground will 
average 15 to 20 miles except under extreme conditions of terrain. The coverage 
from plane to lookout towers will average 60 miles or more under all conditions. 


Very intensive use is made of aircraft by the U. S. Forest Service in the 
California area. Several forest owned aircraft serve a number of National Forests. 
During the past summer season a special repeatered system for air-to-ground com- 
munication was installed and placed in operation. The ground system for this net- 
work consisted of three base stations located at the zone dispatchers offices at 
Mt. Shasta, Sonora and Arcadia, California. These zone offices control the fire 
detection and suppression work in Northern, Central, and Southern forest areas of 
the state. Each zone base station has a repeater station located at a mountop top 
site selected for a maximum practical 360-degree sky coverage. These repeaters are 
located at Soda Creek ridge (5600 ft) in Northern zone, Mt. Diablo (3849 ft) for 
the central zone and Santiago peak (5690 ft) covers the Southern area. 


The three automatic repeaters are standard assemblies of the 30 watt class and 
are automatic in operation. Signals received on 170.525 mc are retransmitted on 
166.625 mc. Plane and ground station equipment receive on 166.525 me and transmit 
either on 166.625 or 170.525 mc. Standard mobile equipments modified for 12 volt 
operation are used in the larger ships and packsets are used in smaller ships and 
for use at ground stations on fires, or as assigned to cover other emergency opera- 
tions. 


Reports from field observers tell of practically 100 per cent coverage of the 
entire state. Signals are reported to be strong, free of noise and the repeater 
operation is stable and reliable. Signal cancellation effects as described in past 
issues of the IRE PROCEEDINGS have been consistently noted in flights over the Sac- 
ramento valley, and specifically between the Mt. Diablo repeater and the aircraft 
when it is in the vicinity of Stockton, California. This effect has not been 
damaging since a change in the elevation of the aircraft largely overcomes the 
cancellation. In the remainder of the state where the terrain is broken, the 
cancellation effect is of no practical consequence. ; 


_ A substantial majority of all the vhf operation is now concentrated in the 
30/40 mc sub-band. Rather rapid expansion of the forest radio systems in the years 
following World War II was necessary to rehabilitate systems grown obsolete during 
the period when the demands for war consumed all available equipment. During this 
period the equipment offered in the high band was rather poor in design and there 
was a definite lack of suitable portable dry battery equipment. In recent years, 
suitable equipment to fill all categories of equipment need has become available, 
and several complete networks have been placed in service. 
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The most extensive of these high band networks is on the Payette, NF in 
Idaho, and the first season of use has just now been completed. The terrain of 
the Payette is rough and largely primitive area. Elevations vary from a low 
of 1800 feet to a high of 9200 feet, canyons are deep and 80 per cent of the 
area is covered with fairly heavy pine and lodge pole timber. 


The field equipment is entirely dry battery powered consisting of handy- 
talkies, packsets and automatic repeaters. The transmitting power is 250 milli- 
watts for a majority of the equipment and 500 milliwatts in the repeaters and some 
packsets. A 1600 hour supply of batteries for the fixed stations costs $26 or an 
hourly power consumption cost of %.016. Extensive use if made of the No.6 dry 
cell in these battery assemblies since the watts per dollar are greater than for 
smaller cells. 


A report on this network showed excellent performance especially from an 
outage standpoint. Minor battery cable trouble and failure of two transmitters 
constituted the troubles encountered during the summer fire season. 


We often hear expressions of grave doubt and concern as to the dependability 
and practical life span of the miniature and sub-miniature tubes of the filamen- 
tary cathode type. A review of the tube replacement data taken from the maintenance 
records of a typical group of forest system stations should be indicative of the 
performance of all the types of tubes used in that system. Such data was assembled 
and the conditions of operation are known to a fair degree of accuracy. 


In the system under study, the equipment using filamentary type tubes con- 
sisted of 8 lookout sets and 7 handy-talkie portable units. The lookouts were used 
an average of 2880 hours for an annual total of 23,00 hours of operation. The 
handy-talkies had an average use of 208 hours for a total of 1556 hours annual 
operation. The combined total annual usage of these battery powered sets was 
24,596 hours. 


AC powered equipment consisted of 7 base stations in contimuous service for 
a total anmal service of 61,320 hours. An average of 458 hours of service was 
given to each of 42 mobile stations for an anmal total of 20,236 hours of opera- 
tion. The number of hours of operation for mobile equipment was computed from the 
vehicle mileage divided by the average speed for the class of vehicle in its opera- 
tional area. The combined total of operation for all equipment using heater type 
tubes was 81,556 hours for the one year period. 


The number of hours of operation performed by the battery powered equipment 
was 18.8 per cent of the maximum possible number of hours in the year. The heater 
type equipment was used 19.2 per cent of the maximum possible number of hours. For 
all practical purposes equal utilization was made of equipments in both categories. 


The battery powered equipment contains a total of 385 filamentary type tubes. 
During the year 33 of these tubes were replaced, which is an 8.5 per cent replace- 
ment factor. The number of service hours divided by the quantity of replacement 
tubes shows that for every 745 hours of battery powered equipment operation a tube 
was consumed. 


In the ac powered and mobile equipments a total of 1029 tubes are used. Except 
for rectifiers in the ac base stations all tubes were heater types. During the 
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course of the one year period 117 tubes were replaced. One tube in this category 
was replaced for every 697 hours of equipment use as determined by the 11.3 per 
cent replacement factor. 


One of the contributing factors tending to show the heater type tube as being 
less reliable is the rather high fatality in rectifier tubes used in the ac base 
stations. The losses in rectifier tubes accounted for 45 of the 117 tubes replaced. 
The performance of filamentary type tubes is considered sufficiently reliable for 
application even in key stations where ac power is not practical. 


It is recognized that the continued satisfactory performance of a radio system 
in a field service such as forestry requires that exceptionally good maintenance be 
given all of the equipment. Small portable sets have no reserve of power to allow 
for the normal degradation which would not-seriously affect the higher power equip- 
ment types. Long pack trips into the wilderness to repair or replace a set which 
was ineffectively serviced in the shop is not only costly to do but may mean a lost 
fire. 


Great stress is placed upon installation and maintenance standards, and pre- 
ventative maintenance is the theme of our program. 
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THE KNEE OF THE NOSE 


Hier Lore 
General Electric Company 
Syracuse, New York 


We are now embroiled in the age of the catch phrase, the gimmick, the pitch 
and the ho-hum all designed to attract attention and to leave an imprint. And so 
it is with the "Knee of the Nose." 


But please do not consider this an unfair ruse designed only to spur your 
curiosity into listening while I push a product. The title has basis and electro- 
nically, if not anatomically, is of significance. The title was formed in innocence 
during the panel session of last year's IRE Vehicular Group meeting in Washington, 
D.C. After the laughter had faded away I realized that what I had said was not 
only amusing but meaningful — enough for the subject of a talk. 


This talk will, I hope, serve as a primer on interference problems setting 
forth basic phenomena in such a way that you may leave with a mental picture of what 
takes place when interference occurs. The knee of the nose will be the key and like 
the theme of a symphony will constantly reappear with minor variations. 


Now that you know my purpose and my plan you may be asking just how this fits 
into the systems planning, operation and maintenance theme for this convention. AS 
design engineers for two-way radio we have long since learned that our problems are 
not confined to black boxes. Having the facilities to make the measurements and to 
obtain the basic data on such matters as interference problems, we must offer our 
knowledge freely to those with problems in planning or in operation. The manufac- 
turer's engineering group has a definite responsibility in obtaining, sorting, 
analyzing and storing all such data that may be of service to the customer, They 
also have the responsibility for making the information available to everyone. 
Hence the talk fits the theme. 


General Interference Problem 


So much for purpose and propriety; on to the pictures! Fig. 1 shows the general 
interference problem existing between receivers and transmitters. The upper line rep- 
resents the selectivity of the receiver; it has an area which we term the nose falling 
into steep side-walls and then fanning out into long skirts on each side. There is 
shown on this graph the existence of a spurious response (about 85 db down) just so 
that it may be truly representative of an actual receiver. On the line below there 
is drawn a curve that many of you may not have seen before. The solid line labelled 
"Carrier" is the desired signal that the transmitter is emitting. Below the level of 
the "Carrier," however, there is also emitted a band of noise, random noise, that 
exists at many other frequencies than the desired. You will note that this noise 
curve has a bell shape, probably approximating the curve for the loaded "Q" of the 
output circuit. There is also shown on the transmitter curve the existence of some 
side bands which in effect create a trapezoidal envelope close to the carrier. Off 
at one side you will note that a spurious radiation has been included so that the 
picture may be complete. 
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Spurious Radiations and Responses 


_ Most of my talk will dwell on the conflicts existing in the circled areas of 
this graph, but before proceeding to an enlargement of these areas I would like to 
make a few comments on the spurious responses of the receiver and the spurious radi- 
ation of the transmitter. You will note that the Spurious response of the receiver 
is at least 85 db below the desired sensitivity of the receiver and that the spurious 
radiation of the transmitter is 85 db below the desired signal output of the trans- 
mitter. You may have wondered why I have chosen to even mention the presence of the 
Spurious response and spurious radiation. I have done so primarily to reveal how 
relatively unimportant these two forms of interference are compared to those which 
we will talk about in the area of the nose. If the spurious response of the receiver 
is to pick up an undesired signal then the undesired Signal, as you can see from this 
graph, must be on the exact frequency of the spurious response. In the case of the 
Spurious radiation from the transmitter it will be unable to cause interference unless 
it is so located that the attenuation of the radiated signal due to geographical sepa- 
ration is less than 70 db. Assuming free space conditions this represents something 
in the order of one mile separation in the high band and something in the order of 
two miles in the low band. From this picture, it becomes quite apparent that the 
level of the transmitter and receiver spurious might be only a minor measure of poten- 
tial interferences from these causes. More important are the specific frequencies of 
such spurious and the number of such spurious. Here, I believe, our specifications 
are weak in that we specify only the level of the spurious response rather than the 
maximum number of spurious responses over a certain db level that may occur within 
the normal communication band. The probability that a receiver spurious will fall on 
a transmitter radiation or that a transmitter spurious will fall on a desired frequency 
of a receiver is more a matter of the number of such reaponses and radiations than the 
actual db levels involved. 


Transmitter Noise Interference 


Proceeding into the circled areas of this graph, let us make an enlargement of 
conflict area #1. Here we will be concerned in interferences occurring from adjacent, 
alternate, alternate alternate channels, etc., rather than just one specific channel 
as in the case of spurious response and spurious radiation. Now let's take a closer 
look at this conflict area in Fig. 2. Checking terminology on this enlargement, there 
is the nose of the receiver, the knee of the nose, the skirt selectivity, and the side 
wall. On the transmitter signal we can locate the envelope of side bands during modu- 
lation and the residual noise output from the transmitter. This graph has been drawn 
with db figures very closely approximating those that would be found on present day 
equipment and the frequency spacing is approximately equivalent to one channel in 
high band. You will note that under these conditions the primary conflict area is 
the intercept of the nose of the receiver with the residual noise output of the trans- 


mitter. 


How can this interference be recognized? Consider the transmitter noise to be 
like any other signal; in this case it will be an interfering signal similar to noise 
produced in the front end of the receiver. Being an additional signal on the input 
to the receiver the limiter current should show an increase while the apparent sensi- 
tivity of the receiver shows a decrease through the disrupting effect of the noise. 
Note, however, that the receiver is still functioning normally; the interference has 
not altered the performance of the receiver as we will find occurring in other types 


of interference. 
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What are the variables that determine the amount of noise interference that 
will occur between a particular transmitter and a particular receiver? Obviously, 
the first important parameter is the transmitter noise itself. At present we know 
very little about transmitter noise other than its existence. Many theories have 
been formed most of them tending to blame the power output tube of the transmitter 
as the primary source for transmitter noise. However, this noise may also arise 
from the lack of filtering on the B/ circuits or perhaps from the modulator itself. 
In mobile transmitters the noise generally is at least 10 to 15 db higher in level 
than I have shown here, mostly due to the hash that may be prevalent when using 
either a dynamotor or a vibrator type power supply. Obviously if we are to get 
the maximum utilization of two-way radio it will be desirable to reduce this noise 
to minimum; consequently you probably will be hearing more from the manufacturers 
on this subject in the future as they find time to make the measurements necessary 
and to study the causes and remedies for transmitter noise. Unfortunately reduc- 
tion of transmitter noise interference is not normally something that you can buy 
for your system, for, as you see, it is the other fellow that has too much trans- 
mitter noise. It is the other fellow's transmitter that will be causing this type 
of interference. There will be some cases where transmitter noise will play a part 
in your own system particularly in those employing mobile repeaters. In these ap- 
plications it would be to your interest to look for transmitters that have low trans- 
mitter noise output so as to save on the cost of the cavity filters which are required 
if the transmitter antenna is to be located physically close to the receiver antenna. 


A second parameter in the interference between the nose and the transmitter 
noise is the bandwidth of the receiver, Obviously if the nose of the receiver is 
wider than it need be for the modulation deviation desired it will be picking up 
extra noise, Three receiver noses are shown on this chart with three different 
"knees" of the nose. You can readily see that the receiver with the wide bandwidth 
and sharp knee will be the most susceptible to the reception of transmitter noise; 
whereas the receiver with the gentle sloping knee will be considerably less sus- 
ceptible to transmitter noise. I realize, of course, that this is only one half the 
story and that we must at the same time consider the ability of the same receivers 
to receive the desired signal. Here you cannot make assumptions that the wide nose 
receiver will perform better than the narrow nose receiver without making actual 
tests for, as you may have determined from various technical papers and personal 
experiences, it is the linearity of the phase response over the nose of the receiver 
that determines its ability to receive an fm type signal. Our experience to date 
has shown that a nose shape falling somewhere between the two extremes shown here 
represents the best compromise between reception of desired signal and reduction in 
susceptibility transmitter noise interference. 


Just to give you some idea of the problems involved in studying the knee of the 
nose I would like to insert here a graph of the nose of a four coil IF receiver as 
measured by four different methods in use today. (See Fig. 3.) Note the wide diver- 
gence of results as obtained by 

a) 20 db quieting 
b) constant limiter current 
c) swing method 


d) 12 db S+N+D/N+D method. 
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The latter two methods are relatively new but give quite practical results. 
The Swing method involves observation of the audio signal at the output as the swing 
is increased at a particular signal level. When the audio ceases to increase with 
swing and actually drops off then the nose of the receiver is indicating its ability 
to receive the swing at that level and no more. This effect can be better demons- 
trated by use of an oscilloscope in place of the audio voltmeter. 


The 12 db S+N+D/N+D method involves the same technique as used in measuring the 
standard Le db S+N+D/N+D RETMA sensitivity. The signal level is varied, however, 
and the swing increased to return to 12 db. This curve gives very wide results at 


Strong signals by virtue of the fact that N (or noise) decreases as D (or distortion) 
increases, 


We still have much to learn about the knee of the nose and its effect on the 
reception of the desired signal and the elimination of the undesired. And we will 
undoubtedly learn more of the nature of transmitter noise. Perhaps in five years 
this conflict area that I have shown may no longer exist on up-to-date, modern 
receivers and transmitters. Let us suppose for a moment that we have dropped the 
level of the transmitter noise through some new invention. What then will be the 
primary conflict area? 


Desensitization 


Let us go back to the original graph (Fig. 1) and let me show you for a moment 
what will be taking place if we reduce the noise of the transmitter. In effect the 
lower curve will now intercept the receiver skirt prior to intercepting the receiver 
nose. This will be the new area of conflict. Let's take a closer look at conflict 
area #2, shown in Fig. h. 


Actually the conflict shown in area #2 may exist in many installations today 
where the receiver does not have adequate skirt selectivity and where the transmitter 
carrier may interfere on this skirt response prior to the time that the noise of the 
transmitter may interfere on the receiver nose. If the skirt response of the receiver 
should be only in the order of 70 or 75 db down as shown by the dotted line on this 
curve, then even though the transmitter noise is only 85 db down as shown on the 
first graph, this conflict area takes precedence in interference, 


This type of interference is called desensitization. It results from the un- 
desired carrier drawing grid current and desensitizing certain amplification or mixer 
stages in the receiver. Note that the loss of sensitivity of the receiver here is the 
result of a physical change in the performance of the receiver, The ability of the 
receiver to receive a weak signal has been reduced through the loss of gain in certain 
stages. Contrarily, in the case of the transmitter noise interference it was only a 
case of apparent loss of sensitivity through the introduction of additional noise 
signal; the receiver itself in that case was not affected. With this knowledge it 
can be readily seen that the proper means for determining desensitization interference 
is to note the decrease in first or second limiter current coincident with no increase 
‘in noise when the interfering signal is present. There will, however, be some cases 
occurring in the field where the transmitter noise interference occurs simultaneously 
with the desensitization and in those cases you may note an increase in noise simul- 
taneously with a slight decrease in limiter current. These cases are rare but they 
can be detected as so indicated. 
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Let us examine the parameters that affect this area of conflict. First, of 
course, there is the level of the interfering transmitter signal, and obviously 
there is little engineering design can do about this for it is a system layout 
problem. The second parameter in this area is that of the skirt selectivity of 
the receiver. The skirt selectivity as measured either by desensitization tests 
or by the two-signal selectivity measurements is actually a measure of the selec- 
tivity of the receiver prior to those stages which supply most of the gain for the 
receiver. It would certainly be desirable to be able to place all our selectivity 
before the first rf stage of the receiver for then we would have skirt selectivi- 
ties which are in direct relation to the skirt selectivity of the circuits that we 
put at the front end of the receiver. This is not practical at these frequencies; 
as a compromise then we must put in the receiver design as much rf and high IF 
selectivity as is practical. Improvements in the order of ten to twenty db in the 
skirt selectivity of the receiver can be and are obtained by good design in these 
areas. The prospective customer should look for good rf selectivity and good high 
IF selectivity if he is concerned about interference problems in the skirt area. 
Most manufacturers make curves of these sections of the receiver and can make these 
curves available to their customers on request. 


Practical Problems in Transmitter Noise and Desensitization 


Before we proceed to the next area of conflict I would like to discuss a typi- 
cal systems problem that utilizes the terminology we have discussed to this point. 
For this purpose, let us consider the case of a mobile relay station. In such an 
application we must transmit and receive simultaneously. To do so requires a study 
of the interference problems that exist between the transmitter and receiver; it 
requires that we juggle the economics of different antennas, spacings, cavities, 
frequency spacing, and power to provide the most feasible solution. Consider the 
case of the transmitter receiver combination to be operated as a mobile relay station 
with a frequency spacing in the order of 2 mc. How would one determine the spacing 
required between the transmitter and receiver antennas? How would one determine 
whether cavities will be necessary in either the transmitter or receiver trans- 
mission lines? How will one be able to judge whether it would be more economical 
to use a single antenna for both the transmitter and the receiver? How would one 
be able to judge whether closer spacing to permit two-frequency operation of the 
mobile units would still be reasonable in consideration of cost and physical prob- 
lems? 


Fig. 5 will give the answers to all four questions. It is a chart that we keep 
on our various types of transmitters and receivers for use in answering these ques- 
tions as they come in from the field. In some cases where the customer's engineer 
is familiar with the terminology used and is familiar with the interference problems 
as we have discussed them this morning, this curve can be made available for use in 
the field. You will note, however, that it applies to one type of transmitter and 
one type of receiver. Other transmitters may have different noise levels and distri- 
bution. Other receivers may have different skirt selectivity. Assuming that this is 
the transmitter and receiver combination that our customer will use in this example, 
let us proceed. One curve is labelled transmitter noise. This curve of transmitter 
noise is quite different from that you have seen previously but represents actually 
only an arithmetical inversion of the previous curve. What we have done here is to 
start with the normal transmitter noise output curve and from that determine the 
- space attenuation required at various frequencies to attenuate the transmitter noise 
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to a level of one microvolt or less, The desensitization curve for the receiver 
represents a Similar arithmetical inversion of the normal receiver desensitization 
curve. The little bump in this particular curve is an oddity of this particular 
receiver which has no bearing on this matter. Also shown on this chart is the 
free space attenuation at the high band frequencies and the attenuation that may 
be obtained through cavity filters using loops of different insertion losses. To 
the upper left are two other curves giving the attenuation for vertical spacing 
and horizontal spacing based on data obtained through laboratory tests and pub- 
lished information. [In the example we have chosen, let us start with a spacing of 
two megacycles between the transmitter and receiver. Entering the chart at 2 mc 
we find that the attenuation required to reduce the transmitter noise output to 
one microvolt is 20 db. Similarly we find that the attenuation required to desen- 
Sitize the receiver no more than 6 db is 38.5 db. If no desensitization or no 
transmitter noise interference is desired, then we should add about 10 db to both 
these figures giving 30 db and 8.5 db respectively. To obtain these required at- 
tenuations we have a choice; we may obtain it by means of space attenuation (either 
vertical or horizontal). We may obtain it through the use of cavity filters; or we 
May Obtain it through a combination of both. 


1 = Assume horizontal space attenuation: 8.5 db can be obtained at approxi- 
mately 200! spacing; this distance suffices for the 30 db requirement. 


2 = Assume vertical space attenuation: 8.5 db can be obtained at approxi- 
mately 20! spacing; this distance suffices for the 30 db requirement. 


3 - Assume vertical space attenuation plus one cavity in the receiver circuit: 
using 4 db loop the cavity gives 25 db leaving 8.5 - 25 or 23.5 db required 
in vertical spacing for desensitization. However, we need 30 db for trans- 
mitter noise hence the vertical spacing must be about 7.5 feet. 


lh) - Assume a single antenna with cavities in each transmission line circuit: 
the 8.5 db for protection of the receiver from the transmitter carrier can 
best be obtained by two cavities with 4 db loops - giving 50 db. The 30 db 
for protection of the receiver from transmitter noise can be obtained by one 
cavity with a 1 db loop - giving 32 db. The total requirement then is two 
4 db loop cavities in the receiver leg and one 1 db loop cavity in the trans- 
mitter leg. 


Such calculations are often made today and the results of such calculations are 
quite prevalent. Many of you are perhaps familiar with the installation at Houston, 
Texas, where three transmitters and three receivers for three municipal services are 
coupled into a single antenna. Fig. 6 is a diagram of the transmitter layout for that 
installation. At one time it had been considered best to employ three separate anten- 
nas spaced six feet apart in a triangle at the top of the tower. However, calcula- 
tions from a chart such as I have just shown you indicated that it would be more 
economical to operate all three transmitters and receivers into a single antenna at 
the inconvenience of only one more cavity. By this method two advantages were gained; 
first, the transmitter pattern was omni-directional as opposed to a distorted pattern 
in the case of the three antennas; second, it was now economically possible to pur- 
chase a high gain type of antenna thereby providing greater range for the installation. 
Regardless of how the data may be presented, information on desensitization of re- 
ceivers and on the transmitter noise output from transmitters is essential to you 
people in systems planning. 


Sideband Interference 


Let us go on with our examination of the basic interference picture. Retur- 
ning to the original graph, let's examine what should happen if it were possible to 
improve both the transmitter noise and skirt selectivity of this type equipment. 
Obviously then we will be able to move in closer both physically and in frequency. 
When we move close in frequency, as in the case of split channels, we will create 
a new conflict area which needs further study. Let us examine an enlargement of 
this area and discuss the parameters involved. (See Fig. 7.) Here you can see 
that the knee of the nose of the receiver again plays an extremely important part. 
Once more we have support for our previous contention that the knee of the nose 
requires considerable study so that we can arrive at the best compromise towards 
reducing interference and improving reception of desired signal. As before, we 
find that the use of a sharp knee will deteriorate the performance of the receiver 
under adjacent channel conditions. Let us not overlook the other variabl2 in this 
picture; that is, the envelope of the sideband distribution from the transmitter. 
The basic slope of this envelope can be derived from the Bessel functions used in 
studying the sidebands of an fm signal or can be measured. Since the slope for the 
high frequency audio signals is much less than the slope for the low frequency audio 
signals, it becomes apparent that steepening of the slope can best be accomplished 
by forced attenuation of the high frequency components of the voice signal. In the 
JTAC test run at Syracuse, New York, a year ago we did just that. We added a filter 
on the output of the modulation limiter designed to attenuate sharply all frequen- 
cies above 2500 cycles per second. The use of this filter definitely steepened the 
envelope of the sidebands and made some improvement in the adjacent channel perfor- 
mance. Just how far we can go in cutting down the high frequencies without losing 
intelligibility and recognizability of the human voice will have to be determined 
by further tests. At the moment it appears that such steepening of the envelope 
of sidebands is the only quick. solution permitting the moving of the transmitter 
frequency closer to the receiver. AM signals and single sideband AM signals all 
have less steep envelopes of sideband distribution when assuming a small distortion 
factor, 


Recognizing sideband interference is not difficult with the ear as the detector. 
If the sideband interference occurs on those sidebands just above the noise level, one 
will hear mushy sounds occurring in a cadence similar to that of normal speech. If 
the sideband interference occurs at a point halfway up the slope, then one will hear 
heavily distorted voice sounding like scrambled speech or monkey chatter. There are 
some cases where interference will occur at the knee of the sideband distribution and 
here one will hear the modulation with full intelligibility but heavy distortion. 
Such interference will occur on a wide band receiver when operating 20 kc from a 
narrow band transmitter. 


Before leaving this curve, I would like to point out that nowhere in my discus- 
Sion today has the steep side wall of the receiver characteristic been a factor. The 
slope requirements of the side wall is a hurdle that all modern receiver designers 
have already cleared. There is little problem today in providing a side wall steep 
enough so that it will not be a factor in interference problems. Further steepening 
of the side wall beyond a slope equivalent to that of the sideband distribution of 
the transmitter serves no purpose at all, 


Intermodulation 


2 Now to complete this survey of interference types and how they may be recog- 
nized let me discuss for one moment the matter of intermodulation. Unfortunately, 
there is no graph that I can flash on the screen that will leave you with a mental 
picture of what occurs when intermodulation exists. Intermodulation can best be 
represented by a simple little formula. (See Fig. 8.) 


Assume the desired signal of your transmitter system is Fl. Also assume that 
there are two other signals in your area, one of them is Fl plus A F and the other 
is Fl plus 2A F. If we should mix the second harmonic of the first Signal with the 
fundamental of the second signal, we obtain a difference frequency which is equal to 
the desired signal. Actually, in the process of non-linear mixing of Fl +4 F and 
Fl + 24 F, the creation of the second harmonic does not necessarily take place but 
this arithmetical analysis should serve to make such intermodulation more understan- 
dable. This is the most common type of intermodulation but is by no means the only 
type. This, however, is not a paper on intermodulation and I want to go no further 
here than to add it to the list of types of interference and to leave you confident 
that you understand what occurs when intermodulation is experienced. The mixing of 
these signals and the creation of a second harmonic of one of the signals can be 
done either at the transmitter location or at the receiver input. It can even be 
done in some other non-linear device in the area — perhaps a poor antenna joint, 
for instance. Determining what type of intermodulation is occurring; that is, 
whether it be transmitter, receiver, or non-linear element, is a rather difficult 
job. Before proceeding it is best to make an analysis of the conditions and deter- 
mine the various possibilities that exist. This analysis of the conditions should 
consist of the following: 


1. Determination of the modulation present during the interference. Normally 
you-can determine the source of the interfering signal by the nature of the 
modulation present. It may be an AM broadcast station, it may be an fm sta- 
tion; it may be a weather bureau signal; it may be a marker beacon or it 
may be another land mobile chamel. If you can determine the source of the 
interference then you have information available with which to make some 
calculations. Note that if one of the intermodulation signals is fm, the 
swing of that signal may be doubled since the second harmonic is involved 


in the mixing process. 


2. Calculate the relative levels of the interfering signals as they might reach 
your receiver. There is considerable propagation data available for this 
purpose and General Electric has made available a handy slide rule which 
supplies the required information with sufficient accuracy for such estimates. 


3. From the results obtained determine whether it is likely that the receiver is 
the source of the intermodulation. This can be done by contacting the Design 
Engineering Groups for the product you have. Or it may be done by studying 
intermodulation charts made available by those groups. 


h. If the calculations indicate that the problem is most likely external to the 
receiver then you must enter into more extensive tests so that the source 
can be determined more exactly. Such tests will require the help of Systems 
Engineering Groups and will often require the temporary use of cavity filters. 
Each case is different and I don't intend to discuss even one example here 
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for each case may be developed along an entirely different line. May I 
say though, that the manufacturer normally provides such advisory service 
which will be.available to you when the going is rough. 


The analysis is not the solution but may indicate the road to the solution. 
If it is transmitter intermodulation then you must seek the aid of the owners of 
the transmitters involved to space their antennas further apart or to employ cavity 
filters, If all indications point to a nonlinear element as the source, then this 
must be tracked down, First check for good firm continuity in the antenna and 
transmission line system. If your analysis narrows down to the receiver as the 
source of the intermodulation, then look for the best receiver in terms of inter- 
modulation. There is not much that can be done by the manufacturer on a mass- 
produced basis to improve receiver intermodulation except to watch rf and high IF 
design carefully — searching for optimum linearity. On special cases where the 
quantities are low, and particularly in the low band, great improvements in inter- 
modulation can be made. General Electric has developed an electromechanical filter . 
modification for the front end of the standard low band receiver. Such a unit was 
first demonstrated in special tests conducted for the Engineering Committee of 
P.I.E.A. in Houston, Texas two years ago and the report of those tests indicated 
no intermodulation interference. Actually the unit suffered from adjacent and 
alternate channel interference long before the intermodulation could be a factor. 
On a normal receiver intermodulation interference was experienced out to distances 
as much as ten times that at whichaljacent or alternate channel interference star- 
ted. Installations of such special receivers have been made since then with great 
success, 


Summation 


Before closing let me review what we have covered today. We have determined 
that interference problems can be classified into five groups. 


1. Spurious radiation or spurious response: this was relatively unimportant 
and was related to the probability problem involved in the desired signal 
falling on one of the few spurious radiations or responses. 


ine) 
e 


Transmitter noise: here we found that the noise output from the transmitter 
appears as a noise signal on the input to the receiver and the amount of noise 
received will be directly proportioned to the nose width of the receiver. We 
got our first look into the problem of the knee of the nose and found that 

the ideal nose shape must represent somewhat of a compromise between that 
which is ideal for reception for desired signal and that which is ideal for 
rejection of transmitter noise, | 


3. Desensitization: this as we learned is the result of an undesired signal 
reducing the sensitivity of certain amplification stages in the receiver 
through blocking of grids. We learned that better desensitization charac- 
teristics can be obtained only through more rf selectivity and more high IF 
selectivity; in other words, more selectivity before the stages of high gain. 


h. Sideband interference: once again the knee of the nose came into the pic- 


ture and we learned of another factor that indicates a gentler knee of the 
nose is desired. We also learned that the slope of the sideband distribu- 
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tion is fairly fixed but through the use of audio filters may be steepened 
in the future. 


5. Intermodulation: this we learned was the result of mixing two signals and 
that such mixing could occur either at the transmitter or the receiver or 
at some nonlinear element. 


I hope that these factors have been presented in an informative manner; I 
further hope that the graphs offered might leave you with a mental picture of what 
occurs when we speak in these terms. If they have, then as manufacturers of land 
mobile equipment we are meeting our obligations to those among you who have res- 
ponsibility for systems planning, design and maintenance. : 
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PORTABLE EQUIPMENT IN THE COMMUNICATIONS SYSTEM 


William J. Weisz 
Manager, Subminiature: Equipment Engineering Section 
Motorola, Incorporated 


During World War II, the superiority of the portable radiophone over the 
wire line communications link was demonstrated repeatedly. The absolute neces— 
sity for continuous communications between military units, regardless of rapid 
relocations, was proven time and again. At that time, the Motorola designed 
SCR-536A and the SCR-300, the famed hand-held and back-pack units, were rushed 
in to fill the gap. (Fig. #1) (Fig. #2) 


After the war, it became more and more evident to public safety officials 
that the integration of portable equipment into police and fire systems might 
apprehend a criminal, who might otherwise escape, or save a life that might 
otherwise be lost. The U.S. Forest Service and the National Park Service have 
found portable equipment invaluable aids in the direction of fire fighting crews. 


As time progressed, more and more industrial users, such as public utili- 
ties, railroads, and construction firms found that radio systems of their own, 
including portable units, assured a dollars and cents saving in operational 
costs. 


The simplest system is that shown in Fig. #3 in which the base station, 
mobile and portable equipments, all receive and transmit on one frequency. 
Intercommunication is thus possible between all units of the system. 


The HANDIE~TALKIE* FM Radiophone was developed to satisfy this need. 
(Fig. #4) This unit combines a complete crystal-controlled transmitter and re- 
ceiver, together with associated common portable radio and flashlight dry bat- 
teries, in one package weighing a little more than 9 lbs. (Pig. #5) The HANDIE- 
TALKIE unit employs individual plug-in stages and is available in both the 25-50 
Mee range and the 152-17) Mc. band. 


The 25-50 Mc. equipment has a receiver sensitivity of better than .6 micro- 
volts for 20 db. noise quieting and a transmitter RF power output of greater 
than $ watt. Useful life of one set of batteries is two 8 hour working days 
under a 10% transmit duty cycle. In the 152-17) Mc. band, an RF power output 
of 4 watt is achieved with a receiver sensitivity of better than 1.0 microvolt 
for 20 db. noise quieting. . 


Fig. #6 shows a system utilizing two frequency operation which allows the 
base station to communicate with all units but allows no intercommunication 
between portable and mobile units. [In some systems, it is desirable to com- 
municate with the base station without bothering other mobile or portable units, 
but the flexibility of being able to talk to these units, when necessary, can 
be incorporated into the system by using a second transmitter as illustrated 
in Fig. #7. 


* Motorola, Inc. Rege TeM- UeS. Pat. Office 
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The portable unit is adapted to this situation by merely widening the upper 
section to allow for three rows of plug-in stages instead of the usual two. 
(Fig. #8) It is possible to use crystal oscillator switching if transmitter 
frequencies are close enough or to have two complete transmitters, each 
meeting full specifications. 


In addition to the HANDIE-TALKIE unit, the Forestry and Conservation 
people had a requirement for a longer battery life portable with loud speaker 
and hand-held microphone. This unit would also have to provide two transmitter 
operation. To satisfy this,need, the FM Radiophone Pack was developed. (Fig. #9) 
Its many additional features included: battery life of from one to two 0 
hour weeks, a tilting loud speaker, relay-operated squelch, volume control and 
one other very important feature which makes the pack set an important link 
in any system. An "gxternal Power" receptacle is provided together with an 
"External-Internal Power" Switch. This allows the pack set to perform double 
duty. A 6 volt DC power supply, Motorola Model P-9087, was designed which 
provided the correct A and B voltages to operate the pack set. If this unit 
is installed in a car or truck, the pack set can be used as a mobile unit by 
connecting the output cable of this power supply to the "External Power" 
receptacle on the pack set and switching the Power Selector switch to the "Ex- 
ternal" position. At any time, the occupants of the vehicle can quickly dis- 
connect the unit from the external power source, return the power switch to 
the "Internal" position and have a portable unit with which they can leave the 
car, wander around at will, and still maintain communication. 


When another power cord is used, this same 6 volt DC power supply can be 
operated from 115 volt AC; and in this case the pack set can serve as a base 
station while always remaining available for emergency portable use. 


The U.S. Forest Service and National Park Service both had the very serious 
problem of obtaining reliable communications over long distances and of com- 
municating with individual portable radio-equipped rangers who might be in a 
valley surrounded by high mountain peaks. It was obvious that automatic re- 
peating stations on mountain tops would eliminate these dead spots. Unfortunate- 
ly, there is a severe shortage of AC power on most mountain tops. It was not 
practical to use 6 volt storage battery powered units because of difficulties 
experienced in charging them. Here was an ideal application for a dry battery- 
operated automatic repeater. Fig. jf10 shows the unit developed by Motorola 
for this purpose. Note that these units were made using the same standard 
plug-in stages that are used in the regular portable equipment. Fig. #11 is 
a closeup of the radio equipment showing operating instructions and stage 
covers in place. This repeater station operates continuously, 2h hours per 
day, for from one to three months, depending upon the battery supply used. 

In addition to its operation as an unattended repeater station, the equipment 
is also used as a base station at manned lookout towers. Because the observa— 
tion area at the top of the lookout tower is too crowded to house the battery 
boxes, the radio equipment and its batteries are installed at the foot of the 
tower. Two remote control units are used, one up in the tower and one located 
with the equipment at the tower base. Intercom facilities are provided between 
the two remote control units. Fig. #12 shows the system plan using these re- 
peaters. The equipment has two transmitter channels, one for repeater use and 
one for communication with portable and mobile units when the repeater station 


is manned. 
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A great many problems existed because of the miniature nature of the units 
and the fact that transmitter and receiver are in the same housing only 6 inches 
apart. Desensitization and repeater lock-up were the most important of these. 
These effects are increased because the antennas for the receiver and its repeat-— 
ing transmitter are mounted on top of the lookout tower with the maximum spacing 
across the tower diagonal being only 15 feet. Thus, the attenuation through air 
to the transmitted signal, before it reaches the receiving antenna, is much smal- 
ler than in most AC repeating stations where the antenna spacing may be 50 or 
100 feet or moree It was found necessary to very carefully shield the receiver 
RF input lead and the transmitter RF output leads, which were inside the same 
housing, to prevent transmitter spray from locking up the receiver and thus hold 
the transmitter on also. Remember the transmitter is keyed on by the receiver 
carrier operated relay. Of course, the spray must be of the right frequency, so 
we had a weapon on our side. All transmitter spurious emissions were calculated 
and compared with the RF selectivity of the receiver and all receiver spurious 
responses. Jt was possible, when a transmitter spurious occurred at or near the 
same frequency as a receiver spurious, to change transmitter multiplication or 
warp the receiver IF frequency slightly to avoid the trouble. Because of the par- 
ticular assignment of repeater frequencies in the forestry service, transmitter 
crystal multiplication on all repeaters was changed from the standard eighteen 
times used on regular portable equipment to sixteen times. 


The system just described is a one way system, i.e., repeating is possible 
in only one direction. By combining two repeater units, it is possible to obtain 
complete two-way communication. The receiver of one unit keys the transmitter 
of the second and vice versa. In this way, it is possible for any unit in the 
system to talk to any other unit. (Fig. #13) The National Park Service has a 
large number of systems of both types in operation today. 


It might be noted here that two pack sets have been connected together, with 
very few changes necessary, to operate as a two-way repeater. Here again, while 
the pack sets are used in repeater applications, they are always available in an 
emergency for portable use. 


Since the basic battery-operated automatic repeaters were designed, they have 
been utilized in a wide variety of installations. The two systems I shall describe 
are instances where the entire installation hinged on the applicability of these 
miniature units. 


For some time, the probability of predicting flood levels, in advance, has 
been studied. A system utilizing battery-operated repeater units was devised 
by the U. S. Army Corps of Engineers to give this information. The flood level 
in many states can be correlated to the snow height in the mountainous areas so 
the problem was reduced to one of measuring snow depth. This was accomplished 
by imbedding a capsule of radioactive cobalt in the earth at desired point of 
measurement. (Fig. #1) Fifteen feet above the ground is a pick-up head which 
receives the radioactive impulses. These impulses are transmitted over a bat- 
tery-operated radio transmitter, through a battery-operated automatic repeater 
_to a central station where the rate of impulses are recorded and compared to a 
standard. As the level of snow builds up, the rate of impulses change in definite 
relation to the water content in the snow. These are recorded and correlated 
to future flood level. In this way, it is possible to determine the precautions 
to be taken in order to avoid flood damage. The original transmitter and its 
associated nickel cadmium power supply are housed in a small quonset hut which 
is completely buried in snow by winter's end. 
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Fig. #15 shows this hut. Of course, the battery complement must keep the unit 
operating for the entire winter, 


In, another instance, battery-operated data transmitters and repeating stations 
were used for direct river level reporting. In the Puyallup River Basin near Ta- 
coma, Washington, a Stevens Telemark unit which converts water level to decimal 
impulses, was used to modulate a VHF transmitter. Reports are made once a day 
until the river attains a certain height. after this depth is reached, it reparts 
once an hour until the water level again drops below the predetermined setting. 
This data is recorded on tape at the central control station as well as being 
available as an audio signal. In this way continuous monitoring of actual river 
level is available to flood control headquarters. This information also allows 
planning of river flow from dams. 


Railroad radio systems are a separate story in themselves and a later paper 
will discuss a main-line operation, however, I would like to mention the usage of 
portable equipment in yar systems. While standard HANDIE-TALKIE units are oftén 
used aboard trains in the caboose and in the engine, the Southern Railroad employs 
a unique system in yard operation which requires portable transmitters only. [In- 
spectors, car checkers, and yard maintenance men are equipped with portable hand- 
held HANDIE-MICRO-TALKIE* transmitters. (Fig. #16) Their transmissions are re- 
ceived by a central station receiver which in turn activates the entire yard pub- 
lic address system. Thus, each transmission of a HANDIE-MICRO-TALKIE unit is 
heard by all men in the yard, including the originator, and switching operations 
can be more easily accomplished. The actual transmitter is a complete 8 tube, 

FM, crystal-controlled unit which delivers 25 milliwatts in the 152-17) Mc. band 
and utilizes printed circuitry in its construction. (Fig. #17) Powered by hear- 
ing aid batteries, the complete unit weighs 1 pound, 13 ounces and can be supplied 
with a canvas carrying bag which attaches to the belt. The carrying strap, which 
allows hanging on an arm for complete use of the hands, doubles as an antenna. 
Where desired, the unit can be supplied with a two turn, handle antenna. (Fig. #18) 


Of course, this same unit is applicable in any system where a transmitter 
only is required. In the police services, in addition to normal usage, it is pos- 
sible to use the transmitter printed plate, in its shield can, as one section of 
a two section unit, the batteries being section No. 2. This form factor allows 
the unit to be concealed on the person very easily when needed for undercover 
work and transmissions can be made, using a lapel mike, to other officers in a 
nearby mobile unit or to a base station where everything said can be recorded. 


I have described some of the uses of battery-operated communications equip- 
ment. The portable radiophone is an important cog in any system. Inclusion of 
this type of equipment in initial systems planning allows the system's user the 

greatest versatility of operation possible. 


The clamor is always for equipment which takes up no room, weighs nothing, 
and costs nothing but equals WLW in performance. While we are still a step or 
two behind Dick Tracy, the marriage of transistors and printed circuitry will 
certainly hasten the time when you can radio your wife to put dinner on the table 
because you are only two blocks from home. 


* Motorola, Inc. Rege TM. US. Pat. Office 
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MOBILE AND FIXED RADIO RELAY OPERATION 
IN THE POWER RADIO SERVICE 


George E. Dodrill and John F. Atkinson 
Rural Electrification Administration 
U. S. Department of Agriculture 
Washington, D. C. 


The purpose of this paper is to describe various types and combinations of 
radio relay schemes, and the conditions under which they may be authorized for ope- 
ration in the power radio service. Federal Communications Commission definitions 
and rules applicable to relay station operations are given in the appendix. 


A relay station is used to extend the range of conmunication between a radio 
station and the point with which it is desired to communicate. It may be necessary 
to install a radio station many miles from the office headquarters in order to ob- 
tain the desired radio coverage of the operating area of the power system, or to 
utilize a natural vantage point such as a hill or mountain. 


Fixed Relay Stations 


The remotely located radio station may be operated from the office either by 
a telephone line or by a radio relay link. In the latter case the relay station 
would extend the range of communications from the office to the mobile units in the 
system area. The type of relay station which is primarily used for this purpose is 
called a fixed relay station. A fixed relay station receives radio signals directed 
to it from any source and retransmits them automatically on a fixed service frequency 
for reception at one or more fixed points. It is classified by the Federal Communi- 
cations Commission as an operational fixed station in the fixed service. 


At the office there is one transmitter operating on a fixed service frequency. 
This transmitter is classified by the FCC as an operational fixed (control) station. 
At the relay location there is one transmitter operating on a second fixed service 
frequency and one transmitter operating on a mobile service frequency. The two fixed 
service transmitters and the associated receivers which relay messages between the 
office and the relay location are generally referred to as a radio relay link. 


Mobile Relay Stations 


Another type of relay station is used primarily to extend the range of communi- 
cation between mobile units. This is called a mobile relay. A mobile relay station 
is a base station (a station in the mobile service not intended for operation while 
in motion) authorized primarily to retransmit automatically on a mobile service fre- 
quency those communications originated primarily by mobile stations. A mobile relay 
station may be located at the office or at a remote location. 


Two mobile service frequencies are required for a mobile relay installation. 
All mobile units transmit on one mobile service frequency and receive on the second, 
The mobile relay station receives the mobile transmissions and automatically and 
simultaneously repeats them on the second mobile service frequency. Receivers in 
the office and in the mobile units are all tuned to this second mobile service 
frequency. — 
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If the mobile relay is not located at the office, the control transmitter at 
the office may operate on the same frequency as the associated mobile units, or 
it may operate on a fixed service frequency. The use of the mobile service fre- 
quency by such operational fixed (control) stations is subject to the condition 
that harmful interference shall not be caused to other mobile units operating in 
the area. If the control station operates on the frequency of the mobile units, 
the mobile relay will repeat all messages received on that frequency regardless 
of whether it is from mobile units or from the office. Thus any mobile unit may 


talk via the mobile relay to any other associated mobile unit or office within 
radio range of the same relay. 


The mobile relay station normally has but one transmitter and one receiver. 
A second receiver is necessary if the office transmits to a remotely located mobile 
relay station on a fixed service frequency. A fixed relay station normally has two 
transmitters and two receivers. 


Frequencies Used 


The fixed relay stations utilize fixed service frequencies in the 72-76 mc, 
450-460 mc,* 950-960 mc, or higher microwave bands. Mobile relay stations utilize 
mobile service frequencies in the 30-50 mc, 152-162 mc, and };50-l,60 mc bands. 
Mobile service frequencies are those assigned by the FCC for communication between 
mobile stations and between mobile and base stations, 


When fixed service frequencies are to be used, the 72-76 mc frequencies are 
preferred, particularly for non-line-of-sight paths. However, the use of 72-76 mc 
frequencies within 100 miles of TV stations using channels ) or 5 is not recommended 
if other fixed service frequencies can be used satisfactorily. TV Channel } is 
located adjacent to the lower side of the 72-76 mc band and Channel 5 is adjacent 
to the upper side. Under the present FCC rules — section 11.5(a)(2) — it is nece- 
ssary to make a showing to the FCC for stations located within 55 miles of TV stations 
using Channels }; or 5 that no interference will be caused to the reception of Channels 
h or 5. The FCC is presently considering adopting more stringent rules for the use 
of 72-76 mc frequencies as proposed in FCC Docket No. 10315. Use of the 50-60 mc 
frequencies is subject to the condition that harmful interference shall not be caused 
to mobile units in that band. 


Mobile Relay Restrictions 


Mobile-to-mobile ranges greater than that which can be obtained by direct com- 
munication between mobile units may be required, for example, between widely sepa- 
rated sectionalizing devices. Line foremen may also be required to communicate 
directly with field crews, particularly on rural power systems where no dispatcher 
is on duty after office hours. Safety considerations may often preclude relaying 
messages through a dispatcher. 


The FCC will not license mobile relay stations except where the application 
is accompanied by a satisfactory showing that the applicant has a substantial require- 


%* The 1,50-l;60 mc frequencies are actually mobile service frequencies but they may be 
used as fixed service frequencies with certain limitations as outlined in section 


11.25) of the FCC rules. 
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ment for prompt mobile-to-mobile communication over ranges greater than can be 
realized consistently by direct communication between mobile units. Since in 
many parts of the country there is a shortage of radio frequencies, it is not 
recommended that application be made for a mobile relay authorization except 
where actual operations are or will be seriously handicapped by lack of adequate 
direct communication between mobile units. 


Coded Trigger Signals 


In order to protect other stations operating within the service area of a 
mobile relay station from undue interference that might be caused by frequent 
activation of a relay transmitter by undesired signals, the FCC requires the use 
of a coded trigger signal where such interference is likely to exist. A trigger 
Signal is required: 1) when the mobile unit's frequency is below 50 mc and where 
distant skip signals could cause the repeater to operate, or 2) when there are 
other stations within a 75-mile radius of the mobile repeater operating on the 
Same frequency as the mobile relay transmitter. The coded signal requirement may 
be waived, if the mobile service frequency which activates the mobile relay is 
above 50 mc and the stations operating within a 75-mile radius of the mobile 
relay on the same frequency do not object to the relay operating on a regular 
basis. 


The type of coded trigger signals or other means which may be used to prevent 
the relay from becoming activated by undesired signals is not specified by FCC. 
Each manufacturer may develop his own triggering scheme. Such methods may be used 
as sending out a tone or combination of tones or interrupting the carrier frequency 
in a predetermined manner when the push-to-talk button is pressed. This signaling 
equipment slightly increases the cost of the radio equipment. 


Time-—Clock Deactivation 


The rules also state that where a relay station is required to be activated 
by a coded signal the relay station must have an automatic time-delay or clock which 
will deactivate the station in not more than 3 minutes after it is activated. This 
is to prevent an undesired signal from operating the relay after it has been acti- 
vated by a desired mobile signal. If no undesired signal is present on the mobile 
frequency associated with the mobile relay, the mobile relay will be deactivated as 
soon as the mobile unit is through transmitting, or in a maximum of 3 minutes, 
whichever is sooner. If the mobile unit does not complete its message within the 
3 minute limitation, it can immediately reactivate the relay and continue for another 
3-minute period. 


Point-to-Point Operations 


Mobile relay licensees having more than one business office can transmit mes- 
Sages between these offices through the mobile relay, provided the conditions are 
met as specified in paragraph 11.151 of the FCC rules. Such transmissions are 
permissible when 1) the communication is related directly to the safety of life or 
protection of property, or 2) the message to be transmitted is of immediate impor- 
tance to mobile units, or 3) when wireline communication facilities between such 
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stations are inoperative, economically impracticable, or unavailable from commu- 
nications common carrier sources (the temporary unavailability of a busy wireline 
circuit is not considered to be of sufficient reason for such communication). The 


transmissions permitted under (2) or (3) must be essential to the efficient opera- 
tion of the power system. 


Relaying Schemes 


Various arrangements of fixed and mobile relay installations are illustrated 
in Figs. 1 - 18. 


Appendix 
FCC Definitions and Rules Applicable to Relay Station Operations 


11.3 Definition of Terms. For the purpose of this part, the following definitions 
shall be applicable. For other definitions, refer to Part 2, Rules Governing Fre- 
quency Allocations and Treaty Matters; General Rules and Regulations. 


(a) Radio Service. An administrative subdivision of the field of radio communica- 
tion. In an engineering sense, the subdivisions may be made according to the method 
of operation, as, for example, mobile service and fixed service. In a regulatory 
sense, the subdivisions may be descriptive of particular groups of licensees, as, 
for example, the groups of persons licensed under this part. 


(b) Mobile Service. A service of radiocommunication between mobile and land 
stations, or between mobile stations. 


(c) Fixed Service. A service of radiocommunication between specified points, 


(d) Land Station. A station in the mobile service not intended for operation while 
in motion. (Of the various types of land stations, only the Base Station is pertinent 
to this part, and the term will be used interchangeably with the term Land Station.) 


(e) Base Station. See Land Station. 


(f) Mobile Station. A station in the mobile service intended to be used while in 
motion or during halts at unspecified points. (For purposes of this part, the term 
includes hand-carried and pack-carried units.) 


(g) Operational Fixed Station. A Fixed Station not open to public correspondence, 
operated by, and for the Sole use of those agencies operating their own radiocommuni- 
cation facilities in the Public Safety, Industrial, Land Transportation, Aviation, 

or Marine Services. (This term includes all stations licensed in the fixed service 
under this part.) 


(h) Control Station. An Operational Fixed Station, the transmissions of which are 
used to control automatically the emissions or operation of another radio station 


at a specified location. 
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(1) Fixed Relay Station. An Operational Fixed Station in the fixed service, 
established to receive radio signals directed to it from any source and to re- 
transmit them automatically on a fixed service frequency for reception at one 


or more fixed points. 


(j) Mobile Relay Station. A Base Station in the mobile service, authorized 
primarily to retransmit automatically on a mobile service frequency communica- 
tions originated by mobile stations. 


11.7 Relay Stations. (a) General. Relay Stations are used to extend the range 
of communication between another radio station and the point with which it is 
desired to communicate. For the purposes of the rules in this part, there are 
two types of relay stations: Mobile Relay Stations and Fixed Relay Stations, 
For definitions see 11,3. 


(b) Mobile Relay Stations. The policies governing authorization and operation: 
of this type of relay station are as follows: 


(1) Each application for a new mobile relay station authorization shall be accom- 
panied by a satisfactory showing that the applicant has a substantial requirement 
for prompt mobile~to-mobile communication over ranges greater than can be realized 
consistently by direct communication on the frequency presently assigned, or, in 
the case of a proposed new radio system, on any available frequency. (Measurements 
obtained by use of low-power transmitters of the hand-carried or pack-carried type 
will not be accepted in satisfaction of the requirements of this subparagraph.) 


(2) A Mobile Relay Station may be authorized to operate on any mobile service 
frequency available for assignment to base stations. 


(3) Each Mobile Relay Station shall be so designed and installed that it normally 
will be activated only by means of a coded signal or signals or such other means 

as will effectively prevent its activation by undesired signals: provided, however, 
that this requirement may be waived when both of the following conditions are met: 


(i) The radio system is shown to be so designed that the Mobile Relay Station 
normally is capable of activation only by signals received on frequencies above 
50 me; and 


(ii) The applicant for a mobile relay station authorization either verifies that 
no person having equal rights to the frequency in question is operating on the 
mobile station frequency within a radius of 75 miles of the proposed mobile relay 
station location, or, alternatively, obtains and submits with the application the 
written consent of each such person to installation of the proposed mobile relay 
station and its operation on a regular basis for a trial period of one year from 
the date a station license is granted by the Commission. In any event, a waiver 
granted under the provisions of this subparagraph may be cancelled after ninety 
days notice by the Commission if it develops that the mobile relay station is in 
fact consistently activated by undesired signals and thereby causes harmful inter- 
ference to other licensees. 


(4) Each.Mobile Relay Station shall be so designed and installed that it will be 


deactivated automatically when its associated receivers are not receiving a signal 
on the frequency or frequencies which normally activate it. 
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(5) Each Mobile Relay Station required by the terms of subparagraph (3) of this 
paragraph to be activated by a coded signal shall be so designed and installed 
that it will be deactivated upon receipt or cessation of a coded signal or signals 
and, in addition, shall be provided with an automatic time-delay or clock device 
which will deactivate the station not more than 3 minutes after its activation. 


(6) A Mobile Station associated with one or more mobile relay stations may be 
authorized to operate only on a mobile service frequency above 7.0 mc which is 
available for assignment to mobile stations. 


(7) An Operational Fixed (control) Station associated with one or more Mobile 
Relay Stations may be assigned any frequency available for assignment to Opera- 
tional Fixed Stations, or at the option of the applicant, the mobile service 
frequency assigned to the associated Mobile Station. Use of the mobile service 
frequency by such operational fixed (control) stations is subject to the condi- 
tion that harmful interference shall not be caused to stations of other licensees 
operating in the mobile service in accordance with the table of frequency alloca- 
tions as set forth in Part 2 of the Commission's rules. 


(8) In any radio system which employs more than one Mobile Relay Station, where 
there is a requirement that stations in the vicinity of one Mobile Relay Station 
be able to communicate automatically with stations in the vicinity of other Mobile 
Relay Stations, any necessary circuits for interconnection of the Mobile Relay 
Stations shall be provided by means of wire lines or radio stations operating on 
fixed service frequencies. 


(9) Mobile Relay Stations will not be authorized in the low power industrial 
radio service. 


(10) A Base Station which is used intermittently as an Operational Fixed (Control) 
Station for one or more associated Mobile Relay Stations of the same licensee will 
be authorized to operate only on the mobile service frequencies assigned to the 
associated Mobile Relay Station and/or Mobile Station. Special authority for such 
dual station classification and use must be shown in the instrument of station 
authorization. 


(c) Fixed Relay Stations, Fixed Relay Stations will be authorized to operate only 
on frequencies available for use by Operational Fixed Stations, 
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f, = Mobile station frequency (any mobile service frequency in the 30-50 mc, 152-162 mc, or 450-460 mc banda). 


fo = Fixed relay station frequency (any fixed service frequency in the 72-76 mc, 450-460 mc, 950-960 me or 
higher microwave bands). 


T= Tranemitter 


= Receiver 


Fig. 1 = ONE-WAY TALK-BACK RELAY:- The talk-back relay may have application 
where "talk-out" range is considerably greater than "talk-back" 
range due to higher power at base station transmitter or high 
ambient noise level at base station. 
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RELAY LOCATION 


Be 
OFFICE FIXED RELAY 
STATION 

f, 


NO. | 


OPERATIONAL FIXED BASE STATION MOBILE STATIONS 
(CONTROL) STATION 2 AND 3 


f) = Control station frequency (any fixed service frequency in the 72-76 mc, 450-460 mo, 950-960 me, or higher 
microwave bends). 


f2 5 Fixed relay station frequency (any fixed service frequency in the 72-76 mc, 450-460 mc, 950-960 mc, or 
higher microwave bands). 


f3 = Base station and mobile station frequency (any mobile service frequency in the 30-50 mc, 152-162 me, or 
450-460 mo bands). 


T= Transnaitter 


R® Receiver 


Fig. 2 - FIXED RELAY STATION AND DIRECT MOBILE-TO-MOBILE OPERATION:- The 
fixed relay station and the operational fixed (control) station 
provide a radio link between the office and the remotely located 
base station, Mobile stations communicate to the office through 
the relay link and communicate with each other directly. Only 
one mobile service frequency is used by the mobile stations. 
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fa 


f; 
f, 
Tt 


MOBILE STATION MOBILE RELAY STATION MOBILE STATION 
NO. 1 NO. 2 


f, = Mobile station frequency (any mobile service frequency above 47 mc). 
f> = Mobile relay station frequency (any mobile service frequency in the 30-50 mc, 152-162 mc, or 450-460 mc 
bands). 


7 = Transmitter 


R= Receiver 


» 


Fig. 3 - SIMPLEST FORM OF MOBILE RELAY OPERATION:- Mobile stations commu- 
nicate with each other through the mobile relay station. This 
mobile relay station may be located at the office or remotely 
located and operated from the office through a telephone pair. 
Messages can originate from the office as well as from the mobile 
units. Two mobile service frequencies are used. 
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MOBILE MOBILE 
OPERATIONAL FIXED MOBILE RELAY STATION STATION STATION 
(CONTROL) STATION NO. | NO, 2 


f, = Mobile station and control station (any mobile service frequency above 47 mc). 
f> = sc Saea relay station frequency (any mobile service frequency in the 30-50 me, 152-162 mc, or 450-460 me 
bands). 


7 = Transmitter 


R = Receiver 


Fig. ) - MOBILE RELAY STATION REMOTELY LOCATED AND CONTROLLED FROM THE 
OFFICE USING A MOBILE SERVICE FREQUENCY:=- Mobile stations com- 
municate with each other through the mobile relay station using 
two mobile service frequencies. The relay station also repeats 
messages transmitted from the office on the mobile frequency. 
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OPERATIONAL FIXED MOBILE RELAY STATION MOBILE STATION MOBILE STATION 
(CONTROL) STATION NO. | NO.2 


f) = Mobile station frequency (any mobile service frequency above 47 mc). 


f2 = aay relay station frequency (any mobile service frequency in the 30-50 mc, 152-162 mc or 450-460 mc 


f3 = Control station frequency (any fixed service frequency in the 72-76 mc, 450-460 mc, 950-960 mc, or 
higher microwave bands). 


T = Transmitter 


R = Receiver 


Fig. 5 - MOBILE RELAY STATION REMOTELY LOCATED AND CONTROLLED FROM THE 
OFFICE USING A FIXED SERVICE FREQUENCY:- Mobile stations com- 
municate with each other through the mobile relay station using 
two mobile service frequencies, The relay station also repeats 
messages transmitted on a fixed service frequency from the office. 
The fixed service frequency provides a positive means for the 
office to gain control of the mobile relay transmitter when neces- 
sary. The FCC formerly required the office to transmit on a fixed 
service frequency, 
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fy 
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P= a 

MOBILE MOBILE RELAY OFFICE MOBILE RELAY MOBILE MOBILE 

EA STATION NO. | CONTROL STATION STATION NO. 2 STATION STATION 
NO. I NO.2  NO.3 


f} = Mobile station and control station frequency (any mobile service frequency above 47 mc). 


fo = ete relay station frequency (any mobile service frequency in the 30-50 mc, 152-162 mc, or 450-460 me 
nds). 


J = Tranamitter 


R # Receiver 


Fig. 6 - ONE OFFICE AND TWO MOBILE RELAY STATIONS SHOWING PRINCIPLE THAT 
MOBILE UNITS MAY COMMUNICATE ONLY WITH OTHER MOBILE UNITS WITHIN 
RANGE OF THE SAME MOBILE RELAY STATION. ONLY MOBILE SERVICE 
FREQUENCIES ARE EMPLOYED:- Mobile units can communicate with each 
other provided they are within range of the same mobile relay 
station, Mobile units can communicate with the office through 
the nearest mobile relay. The office can communicate with any 
mobile station within range of either mobile relay station. 
Mobile units within range of mobile relay station No. 1 can 
communicate with each other simultaneously and without inter- 
ference while mobile units within range of mobile relay station 
No. 2 are communicating with each other. The office transmits 
on the mobile frequency. It may be desirable for the office or 
mobile units to use a coded trigger signal to activate the 
desired mobile relay. 
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MOBILE STATION MOBILE RELAY OFFICE MOBILE RELAY MOBILE STATION MOBILE STATION 
No. ! STATION NO.I STATION NO. 2 NO. 2 NO. 3 


f) = Mobile station frequency (any mobile service frequency above 47 mc). 


f2= easy relay station frequency (any mobile service frequency in the 30-50 me, 152-162 mc or 450-460 mc 
bands). 


f3 = Control station frequency (any fixed service frequency in the 72-76 mc, 450-460 mc, 950-960 me or higher 
microwave bands). 


T = Transmitter 


R = Receiver 


Fig. 7 - ONE OFFICE AND TWO MOBILE RELAY STATIONS SHOWING PRINCIPLE THAT 
MOBILE UNITS MAY COMMUNICATE ONLY WITH OTHER-:MOBILE. UNITS WITHIN 
RANGE OF THE SAME MOBILE RELAY STATION. TWO MOBILE SERVICE FRE- 
QUENCIES AND ONE FIXED SERVICE FREQUENCY ARE USED:- Mobile units 
can communicate with each other provided they are within range 
of the same mobile relay station. Mobile units can communicate 
with the office through the nearest mobile relay. The office can 
communicate with any mobile station within range of either mobile 
relay station. Mobile units within range of mobile relay station 
No. 1 can communicate with each other simultaneously and without 
interference while mobile units within range of mobile relay 
station No. 2 are communicating with each other. The office 
transmits on a fixed service frequency. The fixed service fre- 
quency provides a positive means for the office to gain control 
of the mobile relay transmitters when necessary. The FCC for- 
merly required the office to transmit on a fixed service fre- 
quency. It is the usual practice for the office or mobile 
units to use a coded trigger signal to activate the desired 
mobile relay. 
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CONTROL 
STATION fj 


STATION 


OFFICE MOBILE RELAY MOBILE UNIT OFFICE MOBILE RELAY MOBILE UNIT 
NO. | STATION NO.1 NO. | NO. 2 STATION NO. 2 NO. 2 


f) = Mobile station and control station frequency (any mobile service frequency above 47 mc). 

f2 = Mobile relay station frequency (any mobile service frequency in the 30-50 mc, 152-162 mc or 450-460 mc 
bands). 

7 = Transmitter 


R = Receiver 


Fig. 8 = TWO MOBILE RELAY STATIONS AND TWO OFFICES SHOWING METHOD OF 
COMMUNICATION BETWEEN TWO OFFICES THROUGH A MOBILE RELAY 
STATION. TWO MOBILE SERVICE FREQUENCIES ARE USED:- Office 
No. 1 can communicate with Office No. 2 through mobile relay 
station No. 1. Both office No. 1 and office No, 2 can com- 
municate with any mobile unit within range of mobile relay 
station No. 1. Office No. 2 can also communicate with any 
mobile unit within range of mobile relay station No. 2. 
Mobile units within range of the same mobile relay station 
can communicate with each other. It is the usual practice 
for the office or mobile units to use a coded trigger sig- 
nal to activate the desired mobile relay. 
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OFFICE NO.! MOBILE RELAY MOBILE UNIT OFFICE NO.2 MOBILE RELAY MOBILE UNIT 
STATION NO.1 No.1 STATION NO. 2 


f] = Mobile station frequency (any mobile service frequency above 47 mc). 


fz = Mobile relay station frequency (any mobile service frequency in the 30-50 mc, 152-162 mc or 450-460 mc 
bands). 


f3 = Control station frequency (any fixed service frequency in the 72-76 me, 450-460 mc, 950-960 me or 
higher microwave bands). 


T = Transmitter 


R = Receiver 


Fig. 9 - TWO MOBILE RELAY STATIONS AND TWO OFFICES SHOWING METHOD OF COM- 
MUNICATION BETWEEN TWO OFFICES THROUGH A MOBILE RELAY STATION. 
TWO MOBILE SERVICE FREQUENCIES AND ONE FIXED SERVICE FREQUENCY 
ARE USED:=- Office No. 1 can communicate with office No. 2 through 
mobiJe relay station No. 1. Both office No. 1 and office No. 2 
can communicate with any mobile unit within range of mobile relay 
station No. 1. Office No. 2 can also communicate within any mobile 
unit within range of mobile relay station No. 2. Mobile units 
within range of the same mobile relay station can communicate 
with each other. The fixed service frequency provides a positive 
means for the office to gain control of the mobile relay trans- 
mitters when necessary. The FCC formerly required the office to 
transmit on a fixed service frequency. It is the usual practice 
for the office or mobile units to use a coded trigger signal to 
activate the desired mobile relay, 
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MOBILE RELAY OFFICE MOBILE RELAY 
STATION NO. | STATION NO. 2 


fe 


Y, 


MOBILE STATION 
NO. 2 


ar, 
t__mOBILE RELAY STATIONS ARE 
INTERCONNECTED WITH TELEPHONE LINE 


f} = Mobile station and control station frequency (any mobile service frequency above 47 mc). 


fo 2 si relay station frequency (any mobile service frequency in the 30-50 Mc, 1522162 me or 450-460 me 
bands). 


T = Transmitter 


R = Receiver 


Fig. 10 - TWO MOBILE RELAY STATIONS INTERCONNECTED BY A TELEPHONE PAIR 
TO PROVIDE COMMUNICATIONS BETWEEN ALL MOBILE UNITS WITHIN RANGE 
OF EITHER MOBILE RELAY STATION. TWO MOBILE SERVICE FREQUENCIES 
ARE USED:- Mobile unit No. 1 can communicate with the office 
through mobile relay station No. 1. Mobile unit No. 2 can com- 
municate with the office through mobile relay station No. 2. 
Mobile unit No. 1 can communicate with mobile unit No. 2 through 
both mobile relay stations interconnected by a telephone pair. 
Two mobile service frequencies are used, It is the usual prac- 
tice for the office or mobile units to use a coded trigger sig- 
nal to activate the desired mobile relay. 
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MOBILE STATION 
NO. | 


SF, 
t— MOBILE RELAY STATIONS ARE 
INTERCONNECTED WITH TELEPHONE LINE 


f, = Mobile station frequency (any mobile service frequency above 47 mc). 
f> = Mobile relay station frequency (any mobile service frequency in the 30-50 mc, 152-162 me or 450-460 mc bands). 


f3 = Control station frequency ( any fixed service frequency in the 72-76 mc, 450-460 mc, 950-960 me or 
microwave bands). 


T = Transmitter 


R # Receiver 


Fig. 11 - TWO MOBILE RELAY STATIONS INTERCONNECTED BY A TELEPHONE PAIR 
TO PROVIDE COMMUNICATIONS BETWEEN ALL MOBILE UNITS WITHIN RANGE 
OF EITHER MOBILE RELAY STATION. TWO MOBILE SERVICE FREQUENCIES 
AND ONE FIXED SERVICE FREQUENCY ARE USED:= Mobile unit No. 1 can 
communicate with the office through mobile relay station No. l. 
Mobile unit No. 2 can communicate with the office through mobile 
station No. 2. Mobile unit No. 1 can communicate with mobile 
unit No. 2 through both mobile relay stations interconnected by 
a telephone pair. Two mobile service frequencies and one fixed 
service frequency are used. The fixed service frequency provides 
a positive means for the office to gain control of the mobile 
relay transmitters when necessary. The FCC formerly required 
the office to transmit on a fixed service frequency. It is the 
usual practice for the office or mobile units to activate the 
desired mobile relay. 
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f, STATION 
fy 
MOBILE STATION MOBILE RELAY MOatenEGAY ont 
NO. | STATION NO. | STATION NO. 2 =e repr es ee 


FIXED RELAY FIXED RELAY 
STATION NO. 1! STATION NO. 2 
RELAY LOCATION RELAY LOCATION 
NO. | NO. 2 


f, = Mobile station and control station frequency (any mobile service frequency above 47 mo). 
f2 = Mobile relay station frequency (any mobile service frequency in the 30-50 mc, 152-162 me or 450-460 mc 


bands). 


f3 = Fixed relay station frequency (any fixed service frequency in the 72-76 mc, 450-460 mc, 950-960 me or 
higher microwave bands, 


T = Transmitter 


R = Receiver 


Fig. 12 = TWO MOBILE RELAY STATIONS INTERCONNECTED BY A RADIO RELAY LINK 
TO PROVIDE COMMUNICATIONS BETWEEN ALL MOBILE UNITS WITHIN RANGE 
OF EITHER MOBILE RELAY STATION. TWO MOBILE SERVICE FREQUENCIES 
AND ONE FIXED SERVICE FREQUENCY ARE USED:=- Mobile unit No. 1 
can communicate with the office through mobile relay station 
No. 1. Mobile wnit No. 2 can communicate with the office through 
mobile relay station No. 2. Mobile unit No. 1 can communicate 
with mobile unit No. 2 through both mobile relay stations inter- 
connected by a radio relay link. It is the usual practice for 
the office or mobile units to use a coded trigger signal to 
activate the desired mobile relay. 
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MOBILE STATION FIXED RELAY FIXED RELAY MOBILE STATION 
NO.} STATION NO.J STATION NO. 2 : 
RELAY LOCATION RELAY LOCATION 
NC. | NO. 2 


fy = Mobile stution frequency (any mobile service frequency above 47 mc). 


f'9 = Mobile relay station frequency (any mobile service frequency in the 30-50 mc, 152-162 mc, or 450-460 me 
~ bands). 


f3 = Control station frequency (any fixed service frequency in the 72-76 mc, 450-460 mc, 950-960 me or 
higher microwave bands). 

f, = Fixed relay station frequency (any fixed service frequency in the 72-76 mc, 450-460 mc, 950-960 mc, 
or higher microwave bands). . 


Tf = Transmitter 


R = Receiver 


Fig. 13 - TWO MOBILE RELAY STATIONS INTERCONNECTED BY A RADIO RELAY LINK 
TO PROVIDE COMMUNICATIONS BETWEEN ALL MOBILE UNITS WITHIN RANGE 
OF EITHER MOBILE RELAY STATION. THE OFFICE TRANSMITS ON A FIXED 
SERVICE FREQUENCY:- Mobile unit No. 1 can communicate with the 
office through mobile relay station No. 1. Mobile unit No. 2 
can communicate with the office through mobile relay station 
No. 2. Mobile unit No. 1 can communicate with mobile unit No.2 
through both mobile relay stations interconnected by a radio relay 
link. Two mobile service frequencies and two fixed service fre- 
quencies are used, The office transmits on a fixed service fre- 
quency to provide a positive means for the office to gain control 
of the mobile relay transmitters when necessary. The FCC formerly 
required the office to transmit on a fixed service frequency. It 
is the usual practice for the office or mobile units to use a 
coded trigger signal to activate the desired mobile relay. 
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Tf, ‘Ss a FIXED RELAY a 
STATION NO.2 ex) 
MOBILE 
MOBILE STATION BASE STATION FIXED RELAY FIXED RELAY BASE STATION STATION 
NO. | NO. 1 STATION NO. | STATION NO.3 NO. 2 NO, 2 


OFFICE RELAY LOCATION NO. | RELAY LOCATION NO. 2 


f; = Contro] station frequency (any fixed service frequency in the 72-76 mc, 450-460 mc, 950-960 me, or 
higher microweve bands), 


f2, f3, f4 = "ized relay station frequencies (any fixed service frequency in the 72-76 mc, 450-460 mc, 950-960 
me or higher microwave bands). 

f; = Mobile station frequency (any mobile service frequency in the 30-50 mc, 152-162 mc, or 450-460 mc bands). 

T = Transmitter 


k = Keceiver 


Fig. 1) - TWO BASE STATIONS INTERCONNECTED WITH A FIXED RADIO LINK TO PROVIDE 


COMMUNICATIONS BETWEEN OFFICE AND ALL MOBILE UNITS. BOTH RELAY 
LOCATIONS ARE WITHIN RADIO RANGE OF EACH OTHER BUT ONE IS BEYOND 
DIRECT RADIO RANGE OF THE OFFICE:= The office can communicate with 
mobile unit No. 1 through a radio link using two fixed service 
frequencies to base station No. 1: and thence to mobile unit No. 1 
on a mobile service frequency. The office can communicate with 
mobile unit No. 2 through the additional fixed relay stations 

Nos. 2 and 3 and base station No. 2. Four fixed service frequencies 
and one mobile service frequency are utilized in this scheme. 
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E RELAY MOBILE 
OFFICE MOBILE MOBILE RELAY FIXED FIXED MOBIL ELA apare 
NO. | RELAY RELAY STATION NO. 
Stine See - STATION STATION NO. 2 
NO.| NO. 2 
RELAY LOCATION RELAY LOCATION 
NO. | NO. 2 


= Mobile station and control station frequency (any mobile service frequency above 47 mc). 
ty 


f2 = Mobile relay station frequency (any mobile service frequency in the 30-50 mc, 152-162 me or 450-460 mc 
bands). 


f3 and f, = Fixed relay station frequencies (any fixed service frequency in the 72-76 mc, 450-460 mc, 950-960 
me or higher microwave bands). 


7 = Transmitter 


R = Receiver 


Fig. 15 = TWO MOBILE RELAY STATIONS INTERCONNECTED WITH A FIXED RADIO LINK 
TO PROVIDE COMMUNICATIONS BETWEEN OFFICE AND ALL MOBILE UNITS, AND 
MOBILE-TO-MOBILE COMMUNICATIONS BETWEEN ALL MOBILE UNITS. THE OFFICE 
TRANSMITS ON THE MOBILE FREQUENCY:- The office can communicate with 
mobile unit No. 1 through mobile relay station No. 1. The office 
can communicate with mobile unit No. 2 through mobile relay station 
No. 1, thence to fixed relay station No. 1 and fixed relay station 
No. 2, and thence through mobile relay station No. 2. Mobile unit 
No. 1 can communicate with mobile unit No. 2 through mobile relay 
stations Nos. 1 and 2 linked by fixed relay stations Nos. 1 and 2. 
Both relay locations are within radio range of each other but one 
is beyond radio range of the office. Two mobile service frequencies 
and two fixed service frequencies are used. 
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OFFICE MOBILE STATION MOBILE RELAY FIXED RELAY FIXED RELAY MOBILE RELAY MOBILE 


NO.| STATION NO.1 STATION NO.1 STATION NO.2 STATION NO.2 STATION 
z NO.2 
RELAY LOCATION NO.| RELAY LOCATION NO. 2 


f, = Mobile station frequency (any mobile service frequency above 47 mc). 


f2= Sia relay station frequency (any mobile service frequency in the 30-50 mc, 152-162 me or 450-460 mc 
nds 


£3, f4, f5 = Control station frequency (any fixed service frequency in the 72-76 mc, 450-460 mc, 950-960 me 
or higher microwave bands). 
T = Transmitter 


R = Receiver 


Fig. 16 - TWO MOBILE RELAY STATIONS INTERCONNECTED WITH A FIXED RADIO LINK 
TO PROVIDE COMMUNICATIONS BETWEEN OFFICE AND ALL MOBILE UNITS, AND 
MOBILE-TO-MOBILE COMMUNICATIONS BETWEEN ALL MOBILE UNITS. THE OFFICE 
TRANSMITS ON A FIXED SERVICE FREQUENCY:- The office can communicate 
with mobile unit No. 1 through mobile relay station No. 1. The 
office can communicate with mobile unit No. 2 through mobile relay 
station No, 1, thence to fixed relay station No. 1 and fixed relay 
station No. 2, and thence through mobile relay station No. 2. Mobile 
unit No. 1 can communicate with mobile unit No. 2 through mobile 
relay stations Nos. 1 and 2 linked by fixed relay stations Nos. l 
and 2. Both relay locations are within radio range of each other 
but one is beyond radio range of the office. The office transmits 
on a fixed service frequency to provide a positive means for the 
office to gain control of the mobile relay transmitters when neces- 
sary. The FCC formerly required the office to transmit on a fixed 
service frequency. If simultaneous signals are received at a relay 
location the signal to be repeated will be in the order of f3, f1, 
and fr at relay location No, 1 and in the order of f), and f) at relay 
location No. 2. 
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STATION 
NO. 4 
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OFFICE MOBILE MOBILE RELAY 

STATION CONTROL STATION STATION STATION NO. 2 STATION 
NO. | NO. 2 NO. 


f) = Mobile station frequency and control station frequency (any mobile service frequency above 47 mc). 


f2 = Mobile relay station frequency and second frequency of mobile stations (any mobile service frequency in 
the 30-50 mc, 152.142 mc, or 450-460 mc bands). 


T = Transmitter 


R = Receiver 


Fig. 17 - COMBINATION OPERATIONAL FIXED CONTROL STATION AND MOBILE RELAY STATION 
WITH A SECOND MOBILE RELAY STATION TO PROVIDE EXTENDED MOBILE-TO-MOBILE 
COMMUNICATIONS OVER A GREATER AREA. MOBILE UNITS CAN TRANSMIT ON TWO 
FREQUENCIES:=- The office can communicate with mobile units by one or 
more methods. For example, it can communicate with mobile unit No. 1 
through mobile relay station No. 1 operating as a two frequency base 
station. The office can communicate with mobile unit No. 2 ona 
simplex basis by use of a second receiver. The office can communicate 
with mobile units Nos. 3 and ) through its operational fixed control 
station and mobile relay station No. 2. Mobile units Nos. 3 and ) 
can communicate with each other through mobile relay station No. 2 
or when within direct radio range of each other they can communicate 
on a simplex basis leaving the mobile relay stations available to 
handle extended range mobile-to-mobile communications, Mobile relay 
station No. 1 functions as a mobile relay station only when unat- 
tended or when extended range mobile-to-mobile communications are 
desired by mobile units within range of this station. Two mobile 
service frequencies are used. The office can monitor the simplex 
transmissions when within range. 
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MOBILE STATION OFFICE MOBILE MOBILE MOBILE RELAY MOBILE STATION 
NO. | STATION STATION STATION NO. 4 
NO. 2 NO. 3 


f= Mobile station frequency and control station frequency (any mobile service frequency above 47 mc). 


f2 = Mobile relay station frequency and second frequency of mobile stations (any mobile service frequency in 
the 30-50 mc, 152-162 mc, or 450-460 mc bands). 


fT = Transmitter 


R = Receiver 


Fig. 18 = BASE STATION AT OFFICE USED INTERMITTENTLY AS AN OPERATIONAL FIXED 
CONTROL STATION OR AS A MOBILE RELAY STATION, MOBILE UNITS CAN 
RECEIVE ON TWO FREQUENCIES:- The office can communicate with mobile 
units through the mobile relay or directly when within range. For 
example, it can communicate with mobile unit No. ) through the mobile 
relay station or it can communicate with mobile unit No. 1 directly 
on a simplex basis. Mobile units Nos. 2 and 3 can communicate direc- 
tly on a simplex basis leaving the mobile relay station available to 
handle extended range mobile-to-mobile communications. The office 
can monitor these simplex transmissions when within range. 


PROBLEMS IN MAINTENANCE AND OPERATION OF 
LONG HAUL AND DISTRIBUTION RADIO NETWORKS 


D. E. York 
United Fuel Gas Company 
Charleston, West Virginia 


All problems of operation and maintenance of mobile radio networks can not be 
solved through the application of mathematical equations or theoretical knowledge. 
Many are of a non-technical nature such as training pipeliners to become radio 
operators and explaining to Mrs. Jones why you cannot "tune! your fixed station so 
it doesn't interfere with her television reception. This paper will be a semi- 
technical treatise of some of the problems encountered by the Columbia Gas System 
in seven years experience in the operation of both long haul and distribution radio 
networks. 


The Columbia Gas System operates a radio network in seven states extending 
from New York to Virginia and from Central Kentucky to the Atlantic Seaboard. 
Operation of 34,000 miles of gas pipelines is served by 93 base stations and 480 
mobile units operating in the Petroleum Radio Service. Distribution activities 
to over 1200 communities are served by 11 base stations and 200 mobile units 
operating in the Power Utility Service. 


Base Stations 


During the initial installation of our system, the major base station problem 
was finding a location having suitable elevation with commercial power and access 
road, close enough to the control point to afford economical control. Many of 
our installations serve compressor stations which are of necessity in low valleys 
in remote areas where it was not always easy to find such an elevation. In many 
cases, it was necessary to build a road and construct power and control lines. 

The radio equipment was only a portion of the overall cost of the installation. 
Now with the increased use of radio in the mobile service it is hard to find a 
desirable peak in the Appalachian Mountain region that does not already have at 
least one radio station on it. One of our locations is now shared by five differ- 
ent users operating in three services and utilizing 18 frequencies. In fact, 

this particular location in West Virginia became so congested that it was necessary 
to form a frequency coordinating association to choose a frequency for a new comer 
to this location. This grouping of stations is made necessary by the topography 
of the region. Many of these peaks are the only accessible locations in the area 
providing power and other desirable features. It is not practical to locate the 
stations on a lower ground and construct higher towers because in most cases there 
is a difference of at least 1,000 ft. in elevation. 


Intermodulation 


With every new user to a location comes additional problems of beat frequency 
interference. The proximity of these stations makes even the lower multiplier 
stages of the transmitter a source of interference. This problem has been solved 
in part by the use of more selective receivers and harmonic suppression in the 
transmitters, but with the increased use of mobile radio, we can visualize some 
complex intermodulation problems. . One particular case of intermodulation 


Intermodulation = cont'd, 


interference in Columbus, Ohio involves 4 users. The frequencies are so spaced 
that if any 3 are "on the air", the 4th receives the product of modulation from 
all three, At another location in northern West Virginia, shared by three users 
with stations spaced approximately 200 ft. apart, the second harmonic of a power 
company's station was the Gas Company's operational fixed control frequency. 
Consequently, all power company messages were re-transmitted on the Gas Company's 
base frequency. This trouble was cured by shielding and increasing the squelch 
voltage on the Gas Company's control receiver. In another case in Pittsburgh, 
the second harmonic of a broadcast station beat against the Gas Company's base 
frequency producing a railway company's base frequency. The three stations in- 
volved here formed a triangle of one mile on each side. 


Skip Interference 


The increased use of radio has brought problems of increased skip interfer- 
ence by "F" layer reflections. This interference is more noticeable during the 
summer months between stations operating on the same frequency and separated by 
1,000 miles or more. The probability of interference from this source increases 
to approximately 14% for stations separated by 2,300 miles and operating on 37 Mc. 
The only solution to this problem is in system design and adhering to a national 
frequency assignment pattern. 


Lig tning Loss 


Loss from lightning has been reduced to a minimum by taking certain pre- 
cautions such as lowering the resistance of tower to ground and installing 
protective devices in power, control and antenna lines. Ground resistances have 
been lowered by bonding tower and building together, installing electrical bonds 
around tower shackles and turn buckles, and in some cases, installing a cartwheel 
counter-poise. Antenna change-over relays are protected by installing gas type 
arrestors between the transmission line and ground. Power lines are protected by 
installing large capacitors across the line to absorb surge voltage and pellet 
arrestors from line to ground. Control lines are protected by thermal relays and 
cartridge type fuses. 


Antennas 


The choice of an antenna for a VHF base station may be the choice between 
service and failure. Much trouble has been encountered due to ice loading which 
may break the whip or de-tune the final stage of the transmitter. Where icing 
conditions are most severe it has been necessary to install antennas with stain- 
less steel elements. 


Another trouble common to VHF antenna systems is "opens" due to the 
contraction of the transmission line pulling center conductors out of the 
connectors and "shorts" due to moisture leaks around antenna connectors. In 
another case, the cause for a noisy receiver was traced to a corona ball missing 
from the antenna. 


Power 


The problem of power failure has been solved by the installation of natural 
gas or gasoline driven generators with automatic change-over relays. Fluctuations 
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of 20-25 volts in line voltage are not uncommon in rural areas when house lights 
and milking machines are being operated, making the installation of constant 
voltage transformers necessary. 


Remote Control 


Assuming that you have been fortunate enough to locate your station in 4 
relatively interference-free area of suitable elevation, you are next confrcnved 
with the problem of what type control to use for transferring intelligence from 
the transmitter-receiver to the operation room. Generally, there are two types 
of control available --~ wire line and radio. Both have their advantages and dis- 
advantages. 


Wire Line 


The mountainous region of Columbia System's operating area does not lend 
itself to the construction of wire line facilities because of the severe electri- 
cal storms, deep snows, heavy icing, and the fondness of mountaineers to use 
insulators as targets for rifle practice, If the control lines are of long open 
wire construction, much of the high frequency component of the audio is lost, 
causing base stations to sound flat and sometimes unintelligible. 


Radio Control 


Radio control is permitted in the 72-76 Mc., 450-460 Mc., and in some cases 
the 160 Mc. bands. 


Radio control in the 72-76 Mc. band is desirable because of its lower initial 
cost. Also, the propagation characteristics of this band permit its use over 
terrain which does not afford a line of sight path, but because of these propa- 
gation characteristics it is necessary to use extreme care in the choice of 
frequencies for a particular system. Figure 1 shows one problem encountered where 
two repeater-control systems spaced 150 miles apart were operated on the same 
frequencies in reverse order. Signals received on Frequency "A" were repeated on 
Frequency "C" from Installation I and received at Installation II, turning on the 
base station transmitter operating on Frequency "A". This signal on Freauency "A" 
was returned to Installation I and repeated on Frequency "C" starting the cycle 
over again, alternately operating base transmitters at Installations I and II as 
‘fast as the relays could operate. Such cycling paralyzes an entire VHF system, 

Of course, the answer to this problem would be to reverse the frequencies used, 
but as fate would have it, reversing the frequencies caused operation of another 
user's station which was within normal range and correct azimuth for our control 
station. Needless to say, it was necessary to change the frequency of the station 
and associated frequency meters. A little imagination will reveal many problems 
which are caused by lack of frequency coordination in the 72-76 Mc. band. 


Of no little consequence is television interference to Channel 4 and 5. Try 
as we may there seems to be little that can be done to completely eliminate inter- 
ference to these channels. Some progress has been made by reducing the power input 
to our control transmitters and giving instruction to local television service 
people on the construction of traps. 


The use of 450-460 Mc. for control has been very satisfactory. Although in 
practical application, the propagation of these frequencies is not confined to line 
of sight, the range is more limited than for the 72 Mc. equipment. Columbia has 

one 18-mile link in operation and has satisfactorily tested a 30-mile link. The 


major problem we have encountered with 450 Mc. operation was due to icing of the 4 
element yagi antennas, causing loss of signal. This problem was solved by the 
installation of Helical Beam Antennas encased in plastic. Since icing has a 
secondary effect on these antennas there is no noticeable drop in signal strength 
due to icing. An added advantage of Helical Beam Antennas is decoupling between the 
repeater transmitter and control receiver. Because the circular polarization of the 
waves has a right hand sense and left hand sense an antenna offers approximately 

20 db attenuation between correctly and incorrectly polarized waves. 


Temporary Locations 


Drilling operations and temporary gas measuring stations are afforded communi- 
cation by moveable base stations. One such rig consists of a telescoping tower, 
which can be extended to 80 ft., mounted on a trailer along with battery, mobile 
radio unit and battery charging generator. Radio communication can be set up at any 
location within a hour after arrival. Communication at locations inaccessible for 
l-wheel drive vehicles is provided by pack sets. The principal problem with these 
units is maintaining batteries since they are stored for long periods of time between 
use. 


Mobile Units 


Since about 90% of our mobile installations are in 3/ ton trucks, the problem 
of where to install the unit can be a difficult one as there is little room under 
the seat and drivers are reluctant to surrender space in the truck bed for mounting 
a weatherproof cabinet. This problem has been solved in one company by rebuilding 
the seats of the vehicles to provide clearance for mounting units under the seats. 
This can be done at a cost of approximately $50.00 and provides a protected housing 
and an easier ride for the transmitter-receiver. In other vehicles the units are 
mounted in weatherproof cabinets attached to brackets on the side of the truck bed. 
Gare is taken to avoid mounting over the axle since constant vibration and rough 
roads break up base plates. Since most mobile units are subject to operation for 
long periods ot time while engines are idling or in the case of distribution radio 
system where most of the driving is stop and go, it has been necessary to install 
alternators to replace the cars' regular generators. The particular alternator used 
by Columbia has a 3-phase output which is capable of providing approximately 30 amps 
to the battery while the engine is idling. One leg of the alternator output can be 
passed through a transformer and used for operating 110 volt devices not exceeding 
250 watts. This is particularly desirable for the operation of soldering irons by 


by the technicians and 4s used in other cases for operating trouble lights. 


Maintenance and Operation 


It is vitally necessary that technicians be able to reach and service their 
equipment during severe weather conditions.to keep communication channels open; 
therefore, 4-wheel drive vehicles are used by technicians servicing radio equipment 
in the rougher regions. Mobile units are serviced in the field rather than being 
brought to a central point for servicing. Test equipment used is simple and 
straight forward. Each technician's truck is equipped with a tube tester, battery 
operated frequency meter which can also be used as a signal source, wattmeter, volt 
ohm meter, tool box containing small hand tools, and a kit containing necessary 
spare tubes and parts. Mobile Units are standard as far as possible so that the 
unit from the technician's truck can be substituted and the defective unit returned 
to the shop for major repairs if necessary. 
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Personnel 


The problem of obtaining competent personnel has become more and more difficult 
with the growth of radio operations. Besides being proficient in his duties, a radio 
technician must be capable of meeting the public and in most cases must work with 
very little supervision from his superior. Only-a few of the base stations employ 
full time radio operators. In most cases, the radio is operated by the pipeliners 
themselves. Standard operating procedure is accomplished by the use of an operating 
procedure manual on which periodical lectures are given at foremen's meetings. Tape 


recordings are also made from a monitoring receiver and played back to the operators 
for their instruction. 


The gas companies have grown to consider radio as much a part of their operation 
as the gas which they put in the pipelines. The trial period is over and radio is 
now a completely accepted means of communication for all permissible applications. 
Its future is bright and many more jobs can be assigned to it which will contribute 
to the steady improvement of natural gas service. 


BASE Tx 
FREQ. "A" 
CONTROL Rx 
FREQ, "B" 
BASE Rx 


FREQ. “A” 


REPEATER REPEATER 


FREQ. “C" FREQ. "B™ 
FREQ, “A’- 33.38 Mc. 
FREQ."B"- 72.66 Mc. 
FREQ “C*- 75.50Me. 


Fig. 1 
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PLANNING AND OPERATION OF THE ERIE RAILROAD 
MAIN LINE RADIO COMMUNICATIONS SYSTEM 


Warren J. Young 
Communications Engineer, Erie Railroad Company 
Cleveland, Ohio 


Train radio telephone communication has become a vital part of 
American railroad transportation because it has increased the safety, 
dependability, and efficiency of railroad operation. The railroads 
realized the need for communication between engine and caboose and between 
fixed points and moving trains even before the turn of the century. As 
early as 1914 the Lackawanna experimented with radio telegraph and provided 
a Morse operator aboard one of their trains. Inability to overcome 
atmospherics and mutual interference with other stations caused the 
abandonment of this commendable effort. In 1921 the Communications Section 
of the Association of American Railroads assigned its committee on radio 
the task of working with prominent manufacturers to develop radio applicable 
to trains. Some success was obtained primarily with amplitude modulated 
induction systems operating in the low frequency range of approximately 
70 to 180 kilocycles. The impetus which the second world war gave to the 
development of VHF techniques, FM radio, and the entire electronic 
industry made possible the practicable application of radio in train 
communication. 


| In 1945 and 1946 the Erie was one of the first railroads to conduct 
tests in its terminals and along its right-of-way of both Amplitude 

Modulated and Frequency Modulated VHF radio and also the improved Inductive 

. Carrier equipment. It is now one of the largest users of railroad radio ~ 
and the first and largest user of a complete and comprehensive four-way 
train communication system over the entire main line of a railroad. 


Operational Considerations 


The Erie Railroad comprises a number of operating divisions, each 
approximately 100 miles in length, and train ‘movements on these divisions 
are under 24 hour jurisdiction of a train dispatcher, Along each 
division is a special wire - telephone "Dispatcher's Circuit", All 
important way offices and telephones at sidings are connected to this 
circuit. Train orders are given by the dispatcher over his telephone 
circuit to wayside offices where they are handed to the engine and train 
crew or in emergencies are transmitted directly to a crew member. There 
are many situations in railroad operation, however, where the lack of 
means for direct communication on or with trains enroute to supplement 
the wire-line communication, may result in restricting the dispatcher's 
expeditious coordination of his train movements or in preventing train 
crews from promptly reporting delays or hazardous conditions. In freight 
service, particularly with long trains of 100 to 150 cars, it is 
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generally impossible for the conductor to signal the engineer. When 

a conductor detects an unsafe condition such as a hot box (overheated 
bearing), shifted cargo or dragging equipment, without radio he is 
unable to notify the engineer to bring the train to a controlled stop. 
Therefore, to stop the train the conductor must open the air valve which 
causes brakes over the entire train to be applied. The engineer may not 
realize the situation and continues to apply power. This can result in 
pulling the train apart by breaking a draw bar or knuckle and possibly 
derailing cars, particularly if the axle has been weakened by the hot 
box and it also may cause track damage, injury to personnel or damage 

to lading. In any event it was necessary for the conductor to walk the 
entire length of the train in any kind of weather to talk with the 
engineer and determine the course of action. The passing of signals 
required to switch out a defective car was difficult and time consuming, 
particularly with such obstacles as fog, inclement weather, and curves 
in mountainous terrain obscuring the engineer's view. 


To determine if it would be economically feasible to install train 
radio and to determine the possibilities of increasing safety, reducing 
train delays, damage to equipment, and possible derailments, our operating 
department made analyses of dispatchers! train-sheet records of all train 
delays that could have been eliminated or substantially reduced by the 
use of radio-telephone. The record was made on certain divisions of the 
railroad which took into consideration heavy grades, weather conditions, 
and multiple and single track. The record took into consideration 
broken couplers and broken knuckles due to the application of air from 
the caboose; the stopping of following trains for the purpose of detouring 
around preceding trains that were in trouble which could not, without 
radio, have been stopped promptly and therefore made it necessary to back 
them up to a point of crossover or detour, in some instances consuming 
hours; the shortening of the time it took to dispose of a car or cars 
with broken couplers, hot boxes, etc. by the use of radio in lieu of 
hand or light signals, particularly under difficult operating conditions. 
The study showed not only direct savings but also intangible savings in 
damage to equipment and contents of cars, the loss of markets for 
perishable traffic and better on-time arrival of scheduled freight trains. 
It showed the rapidity with which relief could be obtained in case of 
accidents at highway crossings. The study indicated that the actual 
monetary savings and the improvement in service and safety would justify 
the expenditure necessary for a main line installation. Accordingly, 
Erie's efforts were initiated primarily in that direction and radio 
service in yards and terminals was considered secondary. 


However, in February 1947 as the result of tests and cost studies 
in its Marine operation, Erie established radio service in the New York 
Harbor Lighterage area between the tug dispatcher and its fleet of tugs 
handling its more than 250 carfloats, barges, cranes and other floating 
equipment. Westinghouse equipment was used on this installation. At 
that time their transmitter complete with power supply was mounted on 
one chassis and the receiver and power supply was on a second chassis. 
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As the radio repair shop is located near the service facilities for the 
tugs, transportation of the heavy units to and from the shop presents 
little problem from the standpoint of maintenance. It was felt, however, 
that these units were too heavy for a main line train radio system. Even 
while making this installation, Erie well realized the advantages of a 
main line system and was working towards this goal. 


Developing the Main Line Installation 


In order to engineer a radio system which would meet the particular 
requirements of our main line operation, extensive tests were made with 
the cooperation of manufacturers of both space radio and inductive 
systems in order to determine which type of equipment would best meet 
our requirements. Transmission of induction frequency on the order of 
70 to 180 kilocycles is not limited to theoretical line of sight 
distance as in the case of VHF space radio. It does, however, require 
continuous and relatively close proximity of line wires usually found 

- along railroad right of way to carry the currents induced from mobile 
transmitter to line and from line to mobile receiver. Such line wires 
are not always sufficiently close to the tracks due to topography or 
through congested areas and in yards where the wires are in aerial or 
underground cables. It is desirable that the mobile equipment and 
base stations hear only the communications with which they are concerned. 
Most of these communications are 4 division matter and it is therefore 
important that the transmission be confined to that division. Controlling 
the coverage of induction signals is difficult. On the other hand more 
space radio stations than induction stations may be required to provide 
an adequate main line coverags. However, ease of controlling coverage, 
together with the advantage of not requiring close proximity of line 
wires and other considerations determined space radio to be preferable 
on the Erie. 


Tests of the radio equipment installed on cabooses had shown that 
this equipment must be specially constructed and shock-mounted to 
withstand the vibration and shock encountered. It was considered 
necessary that the transmitter, receiver, and power supply be mounted 
on separate chassis to reduce the unit weight and one manufacturer 
designed its equipment accordingly. These units were equipped with 
Cannon plugs so that they could be instantly installed or removed from 
the rack by personnel not trained in electronics. It was necessary 
that these units be light in weight to facilitate handling and shipment 
from remote base stations to 2 centrally located, well-equipped radio 


shop. 


. Farnsworth cooperated with the Erie in the development of a radio 
system which met our requirement for railroad main line radio communication. 
‘ The original radio receivers tested were of the single supe rhe terodyne 

It was found that these receivers tended towards instability. 

then redesigned and the new units placed in service were of 

ith both oscillators crystal controlled. 


type. 
They were 
the double superheterodyne type W 
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Mobile Equipment 


To simplify maintenance and reduce the required spare units, 
the system is designed so that the mobile equipment is interchangeable 
with that used in base stations, The power supply unit requires 117 
volts a-c. As the power available in diesels is 70 volts d-c, it was 
necessary to provide a convertor constructed to produce well regulated 
a~c voltage. Normally there is no power available on cabooses so it 
was necessary to install a reliable system which would provide adequate 
power even when the caboose was not in motion. We equipped our cabooses 
with a 32 volt 3 kw axle-driven generator which keeps a 32 volt bank of 
Edison cells charged to furnish power when the caboose is stopped. 
These cabooses were equipped with a rotary convertor to deliver 117 
volts a-c to the power supply unit. 


Dual frequency radio transmitters and receivers are used on bhhe 
mobile equipment. Normally the diesels and cabooses stand by on the 
"A" band, which is 160.05 megacycles. If the "A" band is being used 
within range of a train on which the conductor wishes to communicate 
promptly with his engineman, he interrupts momentarily to instruct the 
engineman to switch to "B" band (159.87 megacycles). Both the conductor 
and engineman press the button in the control unit when the handset is 
off the hanger. The frequency of the transmitter and receiver is thus 
changed to "B" band and they communicate without interfering with the 
"A® band conversation. When their communication is terminated and they 
hang up their handsets, a microswitch is actuated which breaks a relay 
holding circuit and restores the transmitter and receiver to "A" band. 
With this system of operation normally on "A" band, both base stations 
and mobile units hear all communications within range, permitting safe 
and prompt coordination and when an emergency does arise, immediate 
protective action can be taken. 


Base Stations 


In order to provide continuous communication between base stations 
and mobile units along the Erie main line between Chicago and Jersey City, 
it was necessary to provide adequate overlap between adjacent base 
stations. These stations are so located as to provide a minimum signal 
of approximately five microvolts to the mobile receiver. Most of our 
stations are located on railroad right-of-way. Wherever possible we 
chose the highest points of the right of way. A study of topographic 
maps enabled us to approximately determine the location of stations and 
prepare estimates for the system required, and also served as a guide 
for actual field tests. A specially equipped radio truck was used to 
determine the optimum location of each radio station. By mounting at 
the top of a two section 40! aluminum extension ladder a sliding 20! 
length of aluminum pipe to which a base station antenna was attached, 
it was thus possible to erect a 63' antenna in about 5 minutes. This 
antenna system was pivoted to the top of the truck. We also mounted 
in the truck a portable radio. station and calibrated the voltage at the 
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control grid of the first limiter as a function of signal intensity 
providing a V.T.V.M. to read this voltage. A small portable pasal ine 
driven a-c alternator provided the power for the equipment. One of 

our men riding the diesel of a train would give mile posts and location 
while the train and test truck were in communication. Thus the men on 
the truck were able to plot the field strength in microvolts as a function 
of mile post location and determine if the test location was ideal or iF 
further tests should be conducted east or west of the location to find 

a more suitable site. 


Each of the radio stations is controlled from at least one office 
which is open 24 hours a day 7 days a week. A console unit is provided 
in the control office with amplifier and loud speaker so that the 
operator hears all communications within range of his VHF receiver. 

A handset with push-to-talk button is used for talking through the base 
station. This console unit is connected to the control unit, transmitter, 
receiver, and power supply by means of a two wire audio circuit. 
Identical equipment is used for both local end remotely controlled stations. 
When the push-to-talk button of the hand set is pressed, & potential of 
about 90 volts positive is applied between the console unit and the 
control unit through a simplex connection on the two control wires 
causing the transmitter to be energized. Polyethylene insulated wires 
are used for the remote radio control pair to insure reliable operation. 
In some instances it is necessary for e way station to control several 
base radio stations on the same control pair. All base stations are thus 
connected in parallel and their transmitters are simultaneously keyed. 


When it is necessary for the dispatcher to communicate directly 
with a train, the way station involved physically connects the dispatcher's 
telephone circuit and the radio control pair. The dispatcher throws 
his radio switch which causes approximately 100 volts positive simplex 
to be epplied to his telephone circuit when he presses his push-to-telk 
foot switch. This voltage is carried to the control unit and energizes 


the VHF transmitter. 


Our radio station at Parkers Glen, Pennsylvania, which is controlled 
from Port Jervis, N.Y., 15.7 miles east of the transmitter site, is an 
interesting station. In order to obtain adequate coverage through this 
mountainous territory without installing three base stations, it was 
found economical to erect a station on top of a mountain. We brought 
440 volt power and 4 control pair from our right-of-way up the mountain- 
side to this station. This station is remotely controlled by a telephone 
carrier superposed on the dispatcher's circuit. A frequency band of 
O,3.totliss kilocycles is used to carry the audio to the VHF transmitter 
and a frequency band of 4.3 to 6.7 kilocycles is used to carry the audio 
from the VHF receiver to the control offices at Port Jervis. A 12.4 
kilocycle tone is used to key the VHF transmitter and a 3.6 kilocycle 
tone is used to indicate at Port Jervis that the station is keyed. The 
importance of this station together with the difficulty of access made 
it practical to install duplicate equipment at this installation. 
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Port Jervis, by applying a 100 volt pulse of negative simplex to the 
dispatcher's circuit alternately selects each set of equipment. 
Indication is provided to show Port Jervis which set of equipment is 
in service. A steady transmitting light is provided for the normal 
equipment, while a flashing transmitting light is provided when the 
standby transmitter is energized, 


Typical Operation 


In September 1951 the Erie's Four Way Train Radio Communication 
system consisting of 60 base stations between Chicago and Jersey City 
was completed. This was the first complete and comprehensive train 
communication system over the entire main line of a railroad. Our mobile 
equipment now consists of 250 radio-equipped passenger and freight 
diesels, 67 radio-equipped cabooses, 72 radio-equipped yard switching 
diesels, and 4 radio-equipped business cars. The yards at Chicago, 
Hammond, Ind., Youngstown, Sharon, Pa., Cleveland, Jamestown, N.Y., 
and Buffalo are radio-equipped. The following are some examples of 
benefits derived through use of radio: 


Before the train leaves a terminal the engineer and conductor 
discuss the air pressure in the caboose. If for some cause the pressure 
does not rise, steps are immediately taken for yard personnel to 
rectify the fault condition. Enroute, the conductor notifies the 
engineer when the caboose passes the end of a section of the railroad 
covered by a slow order requiring reduced speed, thus enabling the 
engineer to immediately increase speed. When a train is stopped, the 
engineer is notified of flagman's return to the caboose, and a general 
coordination of train operation is obtained by discussion between 
engineer and conductor. The conductor notifies the engineer to stop 
the train when necessary due to a hot box, sticking brakes, dragging 
equipment, or shifted cargo. 


Irregularities on passing trains can be observed and promptly 
reported in detail to the defective train from the locomotive as well as 
from the caboose, particularly during inclement weather and at night 
when the headlight aids in observations. Hot boxes, open or swinging 
car doors, shifted loads, etc. have been reported. 


At certain busy crossings with other railroads our tracks approach 
down grade on either side. As the tower controlling the crossing can 
discuss the situation with the engineer of an approaching Erie train, 
the engineer when necessary may reduce his speed to avoid stopping. 
Where it will be necessary to stop the train, he can often select a 
location from which it will be easy to start and which will not obstruct 
a highway crossing. There are instances in which mechanical difficulty 
has been encountered and the engineer has reported it immediately. The 
dispatcher has called the diesel shop on his telephone circuit and the 
necessary information has been given to the engineer enabling temporary 


adjustments or repairs to be made and the train proceeding with a 
minimum delay, and in some cases parts or further assistance has been 
given at the next terminal. Trains reported fires in homes and forests 
along the right-of-way, broken fences, and cattle on the track. In one 
instance a man lying between the rails was reported to the base station 
and an ambulance was sent to the location. Upon its arrival it developed 
that the man was intoxicated to the extent that the train passing over 
him had not even disturbed his slumber. 


Safety features and team work between trains, a base station and 
the dispatcher are demonstrated in the following case, as well as 
advantageous use of radio in performing operating manoeuvers: An eastbound 
Chicago-New York Fast Freight train heard the conductor of another 
eastbound train, a few miles ahead on the same track, reporting to the 
base station that his 1l2-car train had stopped with a hot box near a 
sidetrack with a capacity of only 95 cars, and that he was unebie, 
therefore, to pull into the siding to clear the main track. The 
conductor of the Fast Freight advised both by radio that he had only 
90 cars and that if the defective train's diesel would pull ahead to 
clear the switch at the west end of the siding, his train would pull 
into the siding, allowing the other train to back clear of the east end 
of the siding, and his train would continue eastward. The base station 
cleared the move with the dispatcher, the manoeuver was coordinated by 
radio between the trains, and the Fast Freight proceeded eastward 
after a minimum of delay. The crews in both ends of each train, the 
base station and the dispatcher all knew just what was occurring and 
an operating hazard plus a serious deley to the Fast Freight was avoided. 


During emergencies, the radio has been used to bridge the gap when 
the dispatcher's circuit has been broken and no suitable patch circuit 
is available. The wire chief determines the location of the trouble, 
and the control office at the east end and west end of the break use 
patch cords to remove the faulty section of the dispatcher's circuit. 
They then connect the dispatcher's circuit to the radio control circuit. 
Transmission from the dispatcher is automatic over the physical circuit 
to radio and then back to physical circuit. It is necessary for the 
operator at the distant end of the break to radio communications back to 
the dispatcher as it was not considered necessary to provide a voice 
actuated relay to key the radio station at the distant end of the break. 


To augment this radio system the Erie is using both dry cell and 
rechargeable wet cell type walkie talkies. Crew member along train 
when equipped with walkie telkie may communicate with head or rear end 
or both during inspection or action necessary in the event of hot boxes, 
dragging equipment, shifted cargo, etc. Walkie talkie equipment is 
also used to great advantage to coordinate train operation at washouts 
and derailments. It is also used in some instances on branch line 
cabooses otherwise unequipped with radio. The conductor can call the 
engineer but to conserve self-contained batteries, the set is normally 


turned off. 
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Fig. 1 = Radio survey truck 
with 63! portable 
antenna. 


Fig. 3 - Axle-driven generator and 
batteries for caboose power. 
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Fig. 2 = Locally controlled 
radio base station 
at "DV" tower, 
Falconer, N.Y. 
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